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INTRODUCTION

Educational systems emanate from the way the builder of
the system views the learner. The actual behaviors of each
teacher in each classroom stem directly from her/his assump-
tions about what learners are like and how learning occurs-
—assumptions that one makes based on an overall view of what
kind of being the human animal is.

Educational learning theories are applications of psy-
chological theories. Each theory advocates a different
kind of treatment for the facilitation of learning in people.
The roots of psychological theories in turn, stem from basic
philosophical viaws of the human animal that are traceable
back to the original thinkers about the condition of and
makeup of the human animal.

It is possible to place most of these positions rough~

ly on a contisuum that would stretch from a belief that the

"human animal is a perfect bud that will blossom into a per-

fect being if lert alone to grow uninjured and unimpeded by
the vissicitudes of the environment, to a belief on the

other end of the continuum, that everything an adult human
was, is, or cver will be, is determined by the kinds of in-

teractions that person has with his environment.

o BESTCOPYAvMuABE . -
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Obviously, there are few philosophers, psychologists, or

learning cheorists whose beliefs would put them on the ex-
tremes of either end of this imaginary continuum. Neverthe-
less, it is possible to break the continuum roughly into
three different sections and to place different theorists
into one of the three without doing too much injustice to
most.

This set of readings is based on that assumption.

The three sections that follow each contain theorists and
practitioncis that in our judgment belong for the most part
to that segment of the theoretical continuum.

It is our belief that many problems in the schools may
oot emanate from questionable startiag views of the learner.
We have assembled these readings in order to give the student
at least a superficial view of each of the positions. It is
the hope that this superficial view will stimulate a closer
examinat ion of the reader's own philosophical viewpoint and
that this will lead to a greater underctanding of self and
of actions directed toward lcarners.

We have titled the two ends of the continuum Nativism —-
which sLressex the innate capacities of the learner -- and
Enviroamentalisia =~ which stresses the part played by envi-

ronment 2l factors in learning. The middle segment of the

w
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continuum has been titled Interactionism.

Brief synopses covering each of the three sections

and introductions to some of the theorists and practitioners

whose works are contained herein follow, as a guide to the

structure of the rest of the book.

I.

O
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Nativism

A nativist orientation to school learning expresses
the view that there are structures innate to the individ-
uval which precede experience and which allow us to adapt
to reality. Nativists would accept the view that a
variety of behaviors (e.g., language competency, percep-
tual capabilities, intellectual processes) are under the
control of genctic components.
A. Arnold Gesell

Gesell, who is a medical doctor, has posited a series
of stages of development that humans pass through. He
posits that the stages alternate with a stage manifesting
behavioral equilibrium following a stuge manifesting be-
navioral disequilibrium followed by a stage manifesting
behavioral equilibrium and so on. For example, he posits
that a 4 year old will tend to be vigorous and expansive
in his actioms, whereas a 4-1/2 year old will tend to be

troubled, seemingly ncurotic and introspective and a 5
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year old will tend to be smooth, consolidated, and
balanced in his belavior.

Understandably, Gesell views IQ as an impqrtant
variable. In his contention that there are seven
stages of development marked by certain age intervals,
there is allowed r'am f.r certain age deviations but
the sequence is complie! vith by all youngsters. To
discipline a youngster, he suggests that teachers be
avare of the behaviors that characterize the stage of
development of the child and discipline the child accord-
ingly. For example, to discipline a 4 year old, one may
want to use lricks, numbers, or whisper commands as well
as suggest new ways of doing things and incorporating
imaginary companions in activities of the child. Gesellian
theory is based on mary child observations and is quite
useful as a guide to handling children.

B. Gestalt prychology

Gestalt psychology, which refers to the psychology
of perceptual and cognitive wholes, developed in Germany
at the ecarly decades of the 20th century. Gestaltists
included men such as Max Wertheimer, Christian von
Ehrenfels, Edgar Rabin, Wolfesang Kohler, and Kurt Koifka.
They, iu general, contended thot there were cognitive and

O
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and perceptual relationships and unities such as melody,
figure and ground, phi phenomenon, and insight that can-
not be meaningfully decomposed into their respective
elements. In other words, whereas associationists and
environmentalists tend to hold that a behavioral whole
is the sum of its parts, gestaltists contend that a
behavioral whole is more than the sum of its parts and
often different al;o. They felt that whcles would have
to be understood before parts can be understood. They
posited Qrinciples such as the pr@nciple of proximity
according to which things close together tend to be
grouped together and the principle of closure accord-
ing to which incomplete figures tend to be viewed as
completed figures and they accepted concepts such as
insight, consciousness, and introspection.

Kohler contended that insight is crucial in re-
solving problems as it relates to the seeing of rela-
tions unsecn before. Wertheimer contends that for pro-
ductive thinking children and adolescents should have
practice in designating different figure and ground
pairs, in developing alternative mental sets or ways
of looking at thingv, and in structured problems that

make available wholes or Gestalten that aid in making

™
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solutions. Rule-learning can be viewed as a topic for
Gestaltists. Through processes such as insight can be
triggered by the environment, they relate to innate
structures according to the Gestaltists.
c. Noam Chomsky

The tenets of Chomsky's position are adequately

discussed in his Review of Skinner's Verbal Behavior

and further discussed in K. MacCorquodale's reply in

the Journal of the Experimental Analysis of Behavior,

1970, 13, 83-99. 1Two aspects of his thought that may

be pointed out are 1) that there are linguistic complexes
such as grammar that should not be viewed as mere sums of
consituent elements and 2) that there is a system of lin-
guistic transformations (deep-structure grammar) that each
person is born with that allows each person to learn any
language and say a myriad of meaningful sentences in any
language lcarned. For educatio:, one could recommend
that the teacher of language teach for phrase structure
and surface structure transformations and give opportun-
ities to the youngster to generate sentences with similar
or dissimilar meanings -- i.e., opportunities to actual-
ize latent deep-structure transformatiosns. Teachers of
Tanguage would have to learn the language of transforma-

At n
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tional linguistics to richly use Chomsky‘'s ideas in the
schools.
D. Arthur Jensen

Articles by Arthur Jensen and Sir Cyril Burt provide
a reasonable Introduction to the nativist orientation to
inctelligence. The Bart article on intelligence measure-
ment gives an alternative view. Nativists such as Jensen
and Burt hold that the genetic muakeup of an individual
has a much greater determining influence on intelligence
of a person than the environment.

In fact, from an examination of correlations for
sets of pairs of youngsters with differing environmental
and genctic relationships, it was determined that about
80% of the variation in IQ scores can be attributed to
heredity, 12% of the variance in IQ scores can be attrib-
uted to environmental influences between families, and
8% of the IQ score variance can be attributed to within
farily environmental influences.

It is important to note that their statistical
analysis is quite accurate but their starting tenets
are questionable. Do 1Q test items favor middle-class
white youngsters? Is the language in IQ tests biased?

Do IQ tests really test for intellectual processes?

! b
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These questions are still being debated.

Nativists tend to view IQ test performance as a
predictive measure for future scholastic success and a
selection measure that aids in the classification of
youngsters. IQ is viewed as basically a genetic given
and education is viewed as having no effect on IQ. Thus
IQ tests are not used to any rich extent, as diagnostic
and prescriptive measures. In general, youngsters with
high IQs should enter academic programs that require
usage of cognitive and abstract thinking skills and
youngsters with low IQs should have school experiences
that allow them to employ associative and psycho-motor
skills that can be habituated. Given that the belief the
IQ can be substantially changed is held, nativists con-
tend that a child's school experiences should be compat-
ible with his IQ.

Environmentalism

This view is that the lecarner is a product primar-
ily of environmental factors. Innate tendencies and
structures are deemphasized in importance. The learner
is primarily a reactive organism, learning by responding

to environmental stimuli.

) 12
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Environmentalists use the language of stimulus and
response to describe human behavior. They are concerned
primarily about overt behavior witnessable by two or more
people. Rich use of statistics and graphs is made as
linear variables are often examined. Functional rela-
tionships among variables are sought and parsimony in
explanation is a goal. An additive reductionism is
followed as human behavior is conceived to be reducible
to stimuli and responses (the atoms in psychology to an
environmentalist) and complex behaviors are conceived to
be chains of stimuli and responses.

A, B. F. Skinner

To Skinner the behavior of an individual is primar-
ily under the control of stimuli. As opposed to Pavlov
who was interested in elicited behaviors terms respon-
dents, Skinner is interested in emitted behaviors termed
opcerants. Operant conditioning relates to the study of
conditions under which a response enter under the control
of reinforcing stimuli.

The key dependent variable to be examined is the
strength of an operant - defined in terms of rate of
operant occurrence. If an operant is followed by a re-
inforcing stimnlus, then the strength of the operant

|

»
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increases. Extinction relates to the diminuation of a re-
sponse through nonreinforcement. A positive reinforcer is
any stimulus which increases operant strength. A negative
reinforcer is any stimulus when removed that increases
operant strength. Definitions of other important operant
conditioning terms may be obtained from any text on oper-
ant conditioning.

A few comments on reinforcement schedules are appro-
priate. The smaller the interval used (within limits) in
a fixed interval schedule, the larger the total number of
operants will tend to be. Variable ratio schedules relate
to operant development highly resistant to extinction. Also,
punishment is best used to inhibit an operant occurring when
administered intermittently. In employing operant methods
in the schools, one may follow the following steps: 1) de-
cide on some goal behaviors (or terminal behaviors) for
student; 2) determine a viable reinforcer to be used for
the student; 3) assess the behaviors of the student related
to the goal; 4) plan a sequence of behavioral steps leading
from the initial buhaviors of the student and the goal behav-
jors; 5) decide on a reinforcement schedule; 6) proceed to
interact with the student. Rich use of games with tokens and

ood as st condary and primary reinforcers would be compatible

P
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with Skinner's method. Behavior modification techniques are
quite useful in animal training and many human learning sit-
uations where unique behavioral sequences can be posited.

The intent of the study of learning to Skinner is to
determine those stimuli and environmental agents that de-
termine human behavior and to obtain data showing orderly
changes characteristic of the learning process. Skinner
feels that we do not know enough about learning to for-
mulate a theory of learning.

There are substantial ethical problems associated with
the Skinnerian approach. The primary one is that who de-
cides on what goal behaviors will be used for a given human
and on what basis is the decision made. Skinner does not
accept such notions as insight, self-actualization, becoming,
self-deternination, innate capacity to imitate, etc. There
is reinforcement and the innate tendency of humans to have
their behavior shaped through reinforcenent; everything else
follows with respect to human behavior development.

B. Educational technology

Environmcntalists\wou]d encourage the use of tilms.
radio, television, aad other information-dissecmination de-
vices to facilitate school learning. Programmed instruction

and couputer-ba~cd instruction (C.A.1.) are other methods of

-
LR
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educational technology.

In learning a skill, there are usually a cognitive
phase followed by a fixation phase followed by an automation
phase. Overpractice and training in subroutines or parts
of a task facilitate skill learning. Probably the careful
description of a task is more important than the employment
of psychological principles in teaching a task.

To enhance learning with the use of films, one should:
1) increase the redundancy of the film content, 2) allow for
audience participation in the film, and 3) provide attention
directive devices. To enhance learning with programmed in-
struction, one should: 1) begin where the subject is, 2)
hint at answers and use small steps in the programmed text,
3) allow for over-learning of responses, and 4) consider
carefully organization of knowledge. In some learning cases,
branched programming which is similar to an irr:gular read-
ing of a book is preferable to linear programning in which
a linear sequcnce of behavioral steps is posited. For teach-
ing machines of Skiéncr’s design, a subject writes a response
to a question cited and a response is reinforced when it
matches the actual answer of the question cited on the
machine.

Youngstcers do learn with programmed instruction. The

16
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programmed method is best adapted to complex but structured
materials with the chain property. Often superior students
do better with programmed instruction but complain more. A
wider range of rewards needs to be formulated as well as
needs of students to be satisfied with programmed instruc-
tion. Inconclusive and conflicting evidence has been pro-
vided as to whether 1) the ordered sequences of steps are
essential, 2) short steps are to be preferred to larger be-
havioral steps, 3) free response is the ideal response type,
4) learner should set his own pace, 5) immediate knowledge
of results maximally facilitates learning. To Skinner,
programmed instruction is like individual tutoring in that

1) it allows one to begin where the subject is, 2) the

subject learns at his own rate, and 3) false answers are
always corrected.
C. Benjamin 31loom

Much of Bloom's views are articulated in works such as
"lLearning for Mastery". To Bloom, school learning must be
successful and rewarding in order for learning to occur
through life. If certain environmental factors are manipu-
lated, then 95% of any class should get A's and should
manifest criterion behaviors. The variables that Bloom

attends to include one that is not very mutable, aptitude,

N
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and four that are: 1) quality of instruction, 2) ability
of the student to understand instruction, 3) perseverance
or the time the learner is willing to spend on learning,
and 4) time allowed for learning. Bloom favors rich use of
1) diagnostic testing procedures, 2) formative evaluation
devices, and 3) small discussion groups to facilitate mastery
learning. Mastery for students should be a goal for educa-
tors as it relates to better self-concept, mental health,
and positive affect for a subject.
D. Robert Gagne

Gagne posits seven types of learning to be considered
by educators: 1) signal learning which relates to the
Pavlovian link in which a general diffuse response is tied
to a signal; 2) S-R learning in which a precise response is
related to a discriminated stimulus; 3) chaining or sequen-
cing of S-R bonds; 4) verbal association or chains of words;
5) multiple discrimination which involves relating different

respoases to different stimuli; 6) councept learning in which

a response is related to a varicty of stimuli; and 7) princi-
ple learning which involves chaining of concepts.

Gagne has also encouraged the use of task analysis and
learning hierarchies in learning situations. To designate

learning hierarchies, one must determine the array of sub-

18
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ordinate skills for the task in question. To validate
a hypothesized hierarchy, one may use Guttman scaling
procedures to examine response paCCefns. In most cases,
more than one learning hierarchy could be determined for
a given goal task.
E. Additional Comments on Environmentalism

In environmentalism, terms such as consciousness, mind,
and mental are dismissed. Techniques from animal psychology
have been found helpful in describing human behavior. Innate
capacities, native intelligence, etc. are usually also dis-
missed as viable concepts.

Objective methods and scientific techniques are empha-
sized. Reductionism in which simple entities and S-R bonds
as atoms is the prevalent view. Simplification is another

key characteristic to envirunmentalism.

1Q tests are in general not of much use to environ-
mentalists. However, intelligence tests which provide
specific information on student performance with respect
to given problems is of use as they allow for diagnostic
and prescriptive purposes of tests.
ITII. Interactionism

Interactionism is an approach to school lcarning

which is distinct from Nativism and Environmentalism in

ERIC 19
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that the influence of both maturational factors and environ=-
mental processes on mental development is recognized as
occurring in an interactive manner. For example, some
environmental processes are posited to have an effect on
the mental development of an individual only when the person
has reached a certain level of maturation.

Interactionists tend to posit an invariant sequence
of mental processes and to emphasize either the learning
of cognitive structures that lead to levels of cognitive
growth. Development which is regulated by certain genetic
clocks and environmental forces.is richly considered.
Biology, l.gic, and mathematics are fields that feed into
this general approach.
A. Jean Piaget

Jear. Piaget is a noted Swiss scholar renowned for his
work In child und developmental cognitive psychology. His
background includes zoology and philosophy. As Freud formu-
lated ,sychoanalysis as a science of neuroses, Piaget for-
mulat d genctic epistemology as a science which inquires as
to w'at are the relationships between the histories of var-
iou concepts in time and the development of corresponding
coePts in a person. From this perspective it was deter-

m.ned that the historical sequence of certain geometry con-

[
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cepts (parallelism, perspect;ve, inside-outside) is the
opposite of the developmental appearance s:quence for those
same concepts (inside-outside, perspective, parallelism).
Piaget is probably most noted for his theory of cogni-
tive devélopmenc which posits an invariant sequence of
cognitive stages. From partly on examination of why young-
sters commi*ted certain errors in taking IQ tests, Piaget
formulated his theory which is rich with biological concepts.
The two prime concepts are adaptation and organization.
Adaptation refers to the state of balance between an indivi-
dual and his environment. Adaptation involves assimilation
which relates to the process of the individual to take in
the world and accosmodation which relates to the process in
which some cognitive mechanism becomes altered so that it is
better able to incorporate some situation. Assimilation
occurs with the use of schemata (e.g., grasping) which are
mechanisus to take in stimuli. Scherata are posited to
form systuas according to the organization principle. The
principle of equilibration indicates that the humun organism
tends to develop higher and higher levels of cognitive func~
tioning and cognitive equilibria. A cognitive equilibrium
relotes to a sucierssful Jevel of adaptation. Equilibria

have tinwee properticas: 1) ficld of application - the range
—~

[

Q 21
ERIC

Aruitoxt provided by Eic:




i bt Sod AT ti= TR L of e NSt ettt et = ¢ VSRIRART O shea £ herernde TT n o v -

of stimuli handled by the cognitive processes available;
2) stability - the richness of paths and solutions that a
given cognitive system can provide; 3) mobility - the spatio-
temporal distance between the organism and stimuli that he
can handle. To Piaget higher forms of equilibria are effec-
ted wich three factors: 1) maturation; 2) social milieu ~
language, culture, etc.; 3) physical environment and problems
subjects are exposed to.

One way of viewing Piaget's system is that there are
three main stages of cognitive development: 1) the stage
in which children think in terms of overt actions such as
grasping and which incorporates the sensorimotor level of
davelopment; 2} the stage of concrete operations in which
children can perform operations such as classification and
seriation on objeccts; 3) the stage of formal operations in
which adolescents can perform operations such as theorizing
on concrete on concrcte operations. Each succeeding stage
is marked .y a richer and broader equilibrium than the pre-
vious stage. The last stages are of great concern to elemen~
tary and sccondary school teachers.

The concrete stage is between ages 5 and 12 approxi-
mately and the formal stage is between the age of 13 and

death. The onaet of forwal chought markhs adolescence.
i

re -
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There 1is no differcnce to Piaget between the adolescent
stage of thougit and the adult stage of thought.

In the concrete stage operations which are internal-
izable, reversible acts that form systems begin to develop.
Also conservation behavior develops. To each concept one
can posit a concept of conservation. Fer example, for weight
one can examine whether an individual has the concept of
conservation of weight by taking an object and changing it
in vartious ways bui not in terms of its weight and asking
the subject if it weighs the same as before. If the subject
indicates that the welght has not changed (thus conserved)
he has that conservation concept. Concrete reasoners develop
conservation of concepts such as mass, weight, area, etc.

Formal recasoncrs develop conservation of concepts which
are functions of a variety of variables such as volume.
Formal thought is marked by the following: 1) hypothetico-
deductive reasoning; 2) coembinatorial reasoning - capability
to generate all the possible combinatious in a situation;

3) ability to make theories; 4) abiliLy to think in probabil-
istic ternms; 5) ability to understand proportionalities and
analogies; 6) viww that the realm of the real is a subset of
all that is possible. It is recommended to empioy tasks in
schools that activate the highegl gcognitive processes avail-
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able to a youngster. Thus in high school and college, it is
reasonable to expect formal operations to be manifested.

With respect to motivation, Piaget believes in intrinsic
motivation in terms of functional assimilation which refers
to the innate tendency of the organism to utilize his cogni-
tive processes - especidclly his highest developed ones. To
J. Mc. V. Hunt there should be a match between the cognitive
demands of a schiool task and the cognitive capabilities of a
student to effect school learning. However, in cases where
students are well set in a thought stage, new and challenging
stimuli and problems may become very attractive.

B. Jerome Bruner

Jerome Bruner is a cognitive psychologist who has con-
tended that all fields of knowledge have underlying knowledge
structurcs and that any disclpline structure can be taught to
any person in soce way; He shares many Piagetian ideas such
as 1) therc should be con.idered a readines, for learning for
many things to be learned; 2) students must play with mater-
ials before they can understand certain concepts - play and
intuitjon beling icportant cognitive activities; 3) under-
standing of concepts with the use of concrete materials
precides sbrlwlic abstract uwnderstanding. Bruner holds that

there is a sequoace ol ways in hu ans. represent the world:

‘
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1) enactive representation - marked by rise of actions;

2) ikonic representation - marked by use of images;

3) symbolic representation - marked by use of symbols. Each
successive representational level is marked by more inde-
pendence of responses from the nature of the stimuli. Stu-
dents should gain practice in manifesting these forms of
representation in school learning situations.

c. Other Comments on Irteractionism

Some interactiondists such as Zoltan Dienes hold that
abstraction should precede gensralization; abstraction
refers to learning of a given concept or rule-system in a
variety of contexts and generalizability refers to the
learning of a more complicated concept of rule-system than
one before but in a similar context. Interactionists would
contend that teachers can teach for a given subject matter
but also teach for a variety of thinking skills such as classi-
fication apd cheorvizing.

To interactionists such as Piagct intelligence is adapt-
ability so that cne person is wore intelligent than another
person if he in wore adaptible or equivalently has more cogni-
tive proccasse. to resolve a wider range of problems than the

second person. To a.sess intellipgence from a Piagetiau stance
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one may use Piagetian tasks such as the Equilibrium in the
Balance task. To Pilaget the intelligence of a child can
change quite a bit with a positive environmental press and
maturation. More on intelligence from an interactionist
stance can be gained from the article entitled "Issues in

the measurement of intelligence" by William M. Bart.

William M. Bart
Martin R. Wong

June, 1974
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IDEAS AND THEIR ORIGIN
John Locke

Idea is the Object of Thinking. Every man being con-

scious to himself that he thinks, and that which his mind
is applied about whilst thinking being the ideas that are
there, it is past doubt that men have in their minds
several ideas, such as are those expressed by the words,
Ywhiteness, hardness, swveetness, thinking, motion, man,

' and others. It is in the

elephant, army, drunkenness,'
first place then to be enquired, How he comes by them? I
know it is a received doctrine, that men have native ideas
and original characters stamped upon their minds in their
very first being. This opinion I have at large examined
already; and, I suppose, what I have said in the foregoing
Book will be -—uch more ecasily admitted, when I have shown
whence the understanding nay get all the ideas it has, and
by whal ways and degrees they may come into thc mind; for
which I shall appeal to every one's own observation and
experience.

AN ESSAY CONCERNING HUMAN UNDERSTANDING, abiidged and edited by A, S. Piingle
Patt.ison {Clarendon Press. Oxford) 1924, pp, 42.91.
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All Jdeas Cone From Scnsation or Reflection. Let us

then suppose the mind to be, as we say, white paper, void
of all characters, without any ideas; houv cowas it to be

furnishrd? Ulience cones it by that vast store, which the
busy and bouadless fancy of man has painted on it with an

alwoat endlets varicety? VWhence has it all the materials of

reason and knowledge? To this I answer, in one word, from
Experience; in that all our knowledge is founded, and from
that it ultimately derives itself. Our obsgrvacion, employed
either about external sensible objects, or about the internal
operations of our minds, perceived and reflected on by our-
selves, is that which supplies our understandings with all the
materials of thinking. These two are the fountains of know-
ledge, from whence all the ideas we have, or can naturally
have, do spring.

The Objects of Sensation One Source of Ideas. First,

our senses, conversant aboul particular sensible objects, do
convey into the mind several distinct perceptions of things,
according to those various ways wherein those objects do af-
fect them; and thus we come by those ideas we have of yellow,
white, heat, cold, soft, h?rd, bitter, sweet, and all those
which we call sencsible qualities; which when I say the senses

convey into the mind, I mean, they from eatcrnal objects con-

T
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vey into the mind what produces there those perceptions. This
great source of most of the ideas we have, depending wholly
upon our senses, and derived by them to the understanding, I

call, Sensation.

The Operations of Our Minds the Other Source of Them.

Secondly, the other foutain, from which experience furnisheth
the understanding with ideas, is the perception of the oper-
ations of our own minds within us, as it is employed about
the ideas it has got; which operations, when the soul comes
to reflect on and consider, do furnish the understanding

with another set of ideas which could not be had from things
without: and such are perception, thinking, doubting, be-
lieving, reasoning, knowing, willing, and all the different
actings of our own minds; which we teing conscious of, and
observing in ourselves, do from these receive into our under-
standing as distinct ideas, as we do from bodies affecting
our senses. This source of ideas every man has wholly‘in
himself: and though it be not sense, as having nothing to do
with external objects, yet it is very like it, and might
properly enough be called internal sense. But as I call the
other Sensation, so I call this Reflection, the ideas it af-
fords being such only as the mind gets by reflecting on its
own operations within itself. By Reflection, then, in the

-,
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following part of this discourse, I would be understood to
mean that notice which the mind takes of its own operations,
and the manner of them, by reason whereof there come to be

ideas of these operations in the understanding. These two,

1 say, viz., external material things as the objects of
Sensation, and the operations of our own minds within as
the objects of Reflection, are, to me, the only originals
from whence all our ideas take their beginnings. The term
operations here, I sue in a large sense, as comprehending
not barely the actions of the mind about its ideas, but
some sort of passions arising sometimes from them, such as
is the satisfaction or uncasiness arising from any thought.

All Our Ideas Are of the One or the Other of These.

The understanding seems to me not to have the least glim-
mering of any ideas which it doth not receive {rom one of

these two. External objects furnish the mind with the ideas

of sensible qualities, which are all those different per-
ceptions they produce in us; and thc nind furnishes the under-
standing with ideas of its own operations. These, when we
have taken a full survey of them, and their several modes,
corbinations, and relations, we shall find to contain all

our vhole stock of ideas; and that wc have nothing in our
minds which did not come in one of these two ways. Let any
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one examine his own thoughts, and thoroughly search into

his understanding, and then let him tell me, whether all the
original ideas he has there, are any other than of the objects
of his reflection; and how great a mass of knowledge soever
he imagines to be lodged there, he will, upon taking a

strict view, see that he has not any idea in his mind

but what one of these two have imprinted, though perhaps

with infinite variety compounded and enlarged by the under-
standing, as we shall see hereafter.

Observable in Children. He that attentively considers

the state of a child at his first coming into the world, will
have little reason to think him stored with plenty of ideas
that are to be the matter of his future knowledge. It is by
degrees he comes to be furnished with them: and though the
ideas of obvious and familiar qualities imprint themselves
before the memory begins to keep a register of time and order,
yet it is often so late before some unusual qualities come

in the way, that there are few men that cannot recollect the
beginning of their acquaintance with them: and if it were
worth while, no doubt a child might be so ordered as to have
but a very few cven of the ordinary ideas till he were grown
up to a man. But all that are born into the world being sur-
rounded with bodies that perpetually and diversely affect them,
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variety of ideas, whether care be taken about it or no, are
imprinted on the minds of children. L.ght and colours are
busy and at hand cverywhere when the eyc is but open; sounds

and some tangible qualities fail not to solicit their proper

senses, and force an entrance to the mind; but yet Y think it
will be granted easily, that if a child were kept in a place
where he never saw any other but black and white till he were
a2 man; he would have no more ideas of scarlet or green, than
he that from his childhood never tasted an oyster or a pine-

apple has of those particular relishes.

Men are Differently Furnished with These According to the

Different Objects they Ccnverse with. Mer then comz to be

furnished with fewer or more simple ideas from without, accor-
ding as the objects they converse with afford greater or less
variety; and from the operations of their minds within, accor-
ding as they more or less reflect on then. For, though he

t. .. contemplates the operations of his mind cannot but have
plain and clear ideas of them; yet, unless he turn his thoughts
that way, and considers them attentively, he will no more

have clear and distinct idéas of all the operations of his mind,
and all that may bhe observed therzin, than he will have all the

particulur ideas of any landscape, or of the parts and motions

of a clock, who will not turn his eyes to it, and with atten-

N
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tion heed all the parts of it. The picture or clock may be
so placed, that they may come in his way every day; but yet
he will have but a confused idea of all the parts they are
made up of, till Le applies himseclf with attention to consider

then each in particular.

* k %k k % k %

And thus I have given a short and, I think, true history of

the first beginnines of human knowledge; whence the mind has

its first objects, and by what steps it makes it progress to
the laying in and storing up those ideas out of which is to

be framed all the knowledge it is capable of; wherein I must
appeal to experience and observation whether I am in the right.
This is the only way that I can discover whereby the ideas of
things are brought into the understanding. If other men have
either innate ideas or infused principles, they have reason

to enjoy them; and if they are sure of it, it is impossible
for others to deny them the privilege that they have ..bove

their neighbours. I can speak but of what I find in myself.
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THE FREE AND

HAPPY STUDENT

The natural, logical outeome of the struggle for personal freedom in
education is that the teacher should improve his control of the student
rather than abandon it. The free school is no school at all,

IIIS name 15 Eode, e was butn in the muddie of
the eighteenth century 10 the st flush of the
modern wonvern fur pusonal freedon, His fater
was Jean-daeques Ruusscau, but he has had many
fusier patents, among then Pestaluca, Tocbel, and
Munitessui, down 1o A S, Nedll and 1van Uhh, He
15 an sdedl student. Full ot gusdwill toward hus
teachers and his peess, he nceds no disaphne. He
sivdies because hie g natusally cortous. He leains
things because they interest hum.

Unfortunately, he s magimay. He was quite
explivitly su with Ruusscau, who pot his own
chiddien i an wiphanage and piciciicd o say how
he would wach hos ficuoual hicro, but the modern
veision Jf thic fice and hoppy student tv be found 1n
buvks by Paul Guudinan, John Hulty Junathan
Xozol, or Chares Silberman 1s also 1maginary.
Occasionally a real example seeins to tum up, There
are teachers who would be successful in dealing with
people anywhere - as statesmen, therapists, busi-
nessien, of Juends - and there are students who
scareely weed v be taught, and together they
sometinies seem tu bung Emile to hte. And un-
funtunaicly they do su just uftun covugh Lo sustain
the old dicam. But Laide 4s ¢ wall 0" the wisp, who
has led many teschieis into a cunceptivn of thenr
role wltich could prove disastrous.

The student who has been .aught as if he were
Emide 15, howevet, almust tuo pamlully seal, 1t has
taken a lung ime fur hum to make 5., appearance.
Childien were first made free and happy in kinder

PHI DELTA KAPPAN. 1973, Vol. 55, pp. 13-18.
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garten, where there scemed to be no danger in
freedom, and fur a long time they wete found
auwhere else, bevauy: the rigid discipline of the
grade schouls blucked prugress. But eventually they
bruke throogh  muving frum kindeigarten into
grade schuul, taking vver grade aftes grade, moving
into secundary sihool and on .o vollege and, very
revently, into gisduote schuol. Step by step they
have Insisted wpun ther nghts, justifying their
demands with the slogans that philosophers of
education have suppied. If sitting in rows restrets
personal ficedom, urscrew the seats. If order can be
maintained only thtrough coerciun, let chaus 1¢7gn.
If one cannot be really free while worrying about
examinations and &rades, down with examinations
and grades! The whole Establishment is now awash
with free and happy students.

Dropping Out of School, Dropping Out of Life

If they are what Rousscau’s Emile would really
have been hike, we miust confess (o some disappoint-
ment. The Emile we knuw doesn’t work very haid.
“Cuntusity” 1s evidently a moderate sort f thing.
Hard work 15 fiuwned upun because it imphes a
“work ethic,” which has something to do with
discipline.

The Enmule we know duesn’t learn very much. His
“mterests” are evidently uf Linited scope. Sobjects
that du not appeal (v hum he calls crelevant. (We
shuuld not be surprised at this, since Rousseau’s
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Emile, like the boys in Summerhill, never got past
the stage of knowledgeable craftsman.) He may
defond himsell by questioning the value of knuwl
edge. Knowledge ts always in flux, so why bother to
acquire any particular stage of 1t? It will be enough
to remamn curious and interested, In any case the life
of fecling and emotion is to be preferred to the life
of intellect, let us be governed by the heart rather
than the head,

The kimle we know doesn't thmk very clearly.
He has had ittle or no chance to learn to think
lugically or scientitically and 1s easily taken in by
the mystical and the superstitious. Reason s irrele-
vant to fechng and emotion,

And, alay, the Loule we know doesn’t scem
parttcularly happy. He doesnt hke his education
any more than his predecessurs hiked theus. indeed,
he sceins 1o bike 1t ess, He is mudh more inddimed to
play wuant (big vues have given up enforung
truancy laws), and he drups vut as suun as he legally
wan, ur a hitde souner, If he goes to college, he
ptubably takes a ycar off at some tune in his
four-year prugrami, And after that lus dissatisfaction
takes the fonm of sntenteliectushisn, and a refusal
to support education,

Are thete offsefting advantages? Is the free and
happy student less aggiessive, hinder, mure loving?
Certainly not tuward ihe schuols and teachers that
have sct him free, 45 mereasing vandalisin and
peisunal atlachs vt ivachicss seun 1o showe Nut s he
partinulasly weil dispuwd tuwaid Tin pears, He
seems perfectly st bhue o wuild of unprecedent-
ed domestic violence,

Is he pushaps imure creaive” Tiaditional practices
were sad to suppress andividuality, what kind of
imndwviduality has now emerged? 1ree and happy
studenis are certainly duferent fium the students of
a genwiaiiun agu, but they are nut very differeni
frum cach other. Thewr vwn culture 1v a severely
regunented one, and their creative wourks - sn art,
musie, and licrature - are confined o punutive
and elemoental matesuals, They have very hitie wu be
creative with, fur they have never taken the trouble
o explore the fields ws which they are nuw to be
front-runners,

Is the free and happy student at {easi miure
effective as a unizen” 1y by a oeter persun? The
evidence ss nut very reassuang, Having drupped out
of schuol, he us bikely to diop out of hic too, It
would be unfaur 1o et the hippic culture represent
yuung peuple tuday, bui 1t dues serve tu Janfy an
extieme, The members of that culture do nut aveept
respunabality fur theu owr hives, they spunge on
the conitibutivus of thuse who have nut yet been
made liece and happy  whu have gone tu medial
schoul and becuise dwnius, ur who have beconre
the fatiners whu 1asse the fuod i the wuikers why
produce the gouds they consume,

These are nu duubt uverstatements, Things aie
nut that bad, nue 1> cducalivn tu be blamed four all
the trouble. Nevertheless, there is a trend in a
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well-delined duirectiun, and at 1s particularly clearin
educatiun, Qur faldure 10 create a tuly free and
happy student is symptumatic of o mure general
problem.

The [liusion of Freedom

What we imay vall the struggle for frecdom in the
Western world can be analyzed as a struggle to
escape from vr avord punitive or vuetuve ticatment.
1t iy Jharacteristiv of the huntan specics to act in
such a way as to reduce or terminate irritating,
painful, ur dangerous stinuli, and the struggle for
freeduin has bean directed toward thuse who would
wontiol uthers with stunuh of that surt. Education
has had s lung and shanicful pait in e hustory of
that struggle. The Lgyptians, Greeks, und Romans
all whipped their students. Mediesal sculpture
showed the caipenter with lus hammer and the
schoolmaster with the tuol of lus teade tuo, apd it
was the wanc or rud. We are not yet in the clear.
Curputal punishiment is still used 1 misniy schuols,
and thate arc calls for jts retum where it has been
abandoned,

A system 1n w'uch students study prmarily to
avud the cunseyuences ol nut siudy g s nesther
humane nur very pruductive. Hs by pruducts in-
ude truancy , vandalisin, and apathiy. Any effort to
climinate punishment in cducation s certainly
commendable. We ourselves st to exape from
aversive control, and our students should escape
frum st tov. They should study because they want
tu, because they like tu, because they aic interested
in what they are duing. The nustake o Jlassical
mistake i the hiteratuie of lrieedom s Lo suppose
that they will dy 50 as suun as we stup punishing
them, Students aie nut Literelly free when they have
been fieed frum then teachers. They then sitnply
come uader the cuntiol uf other cunditivns, and w*
must luuk at those cunditivns and theu Jfects il we
are to improve teaching.

Those who have attacked the “servility' of
students, as Montessori called it, have often put
ikt Tands w the pussibility that young people wiil
learn what they need v kaow frum the “wesld of
things,” which indudes the world of peuple who are
not tcachers. Montessuni saw possibly useful be-
haviur being suppressed by suhuvlivui disuipline.,
Could it not be salvaged? And could the environ.
ment of the schooltouin nut be langed so that
other uscful behaviur would uecur? Couls the
teacher nout simply guide the student’s natural
develupment? O1 could he nut accelciate 3t by
tcasing vul behavivi which would oucur naturally
bu. not so quickly if he did nout help? In other
words, could we not brng the real world into the
assroom, as John Dewey put it, or destroy the
classtoom and tum the student over to the real
world, as Ivan lllich has recommended? ANl these
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possibilltica can be presented in an attractive light,
but they neglect two vit.l points.

1. Nu one leatns very nmuch from the real woild
without help The only evidenie we have of what
can be learned fium & nunsuaial wourld has heen
supplied by those wild boys said to have been raised
without vuntact with other members of their own
specics. Much mute wan be learicd without formal
Instrustiun in a sucial woiddd, but . ot without 3 goud
deal of leaching, even so Fomnal education has
made a ttemendous diffcrence in the extent of the
skills and hnowledge which can be acquited by a
person in a single hietme

2. A much mute imj vrtant prmaple is that the
teal world teaches only what Is televant to the
ptesent, it mahes no explicit preparation for the
futute Those who would runistize teaching have
contended that no preparation is needed, that the
student will follow a natural line of deveiopment
and move 1nto the future i the nomnal course of
events, We should be content, as Card Rogers has put
it, to trust

. .+ the insatiable cutiosity which dnves the
adolescent boy to absotd everything he can
sce of hear or read about gasoline engines \n
order to unprove the efficiency and speed of
his “*hot 1ad " 1 am talking about the student
who says, “l s discovenng, drawing 1n from
the outside. 1nd making that whrcht is drawn
1n 2 real part of me.” 1 am tatking avout my
leatneng in which the expencnce of the learner
progicsses alung the hine. “"Nu, nv, thai's nut
what I wani™, "'Wai* This s closer to what
I'm aterested 10, what ! n-ed ™ AL, here it
is! Now I'm grasping and «ctnprehending what
1 need and what I want to know!*!

Rogeis s iecomnkending a tutal comauiment v the
preseni moment, ot 2t vest lu an in.mediate future.

Formal Education as Preparation for the Futu:e

But 1t has alway, been the task ¢; (.tmal
education to set up behavivy whil™ would | ve
useful or cnjoyable lter in the a.udent’s life.
Punitive methods had at least the menit of providing
current teasons fur Jeamung, hrgs that would be
tewarding In the futuie We object to the punitive
reasons, but we should not forget then function In
making the future important

It is net enough to glve the student advice — to
explain that he will have a future, and that to enjoy
himself and be mor: successful in it, he must
scquire certain skills and ksowledge now. Mere
advice is incffective because 1 is nct suoported by
currenl tewards The positive conskquences that
genesate a useful behavioral repertoise need not be
any mute explicitly selevan? to the future than were
the pumtive consequences of the past. The student
needs curtent seasuns, positive of negaty ¢, but valy
die educational policy maker who supplies them

need take the future mtu account. ft follows that
many instructional atrangements seem “contrived,”
but thete s nothing wrong with that. It is the
teacher’s function to contnive conditions undet
which students leatn. Theur relevance to 8 future
usefulness need not be obvious. i

1t 1s a difficult assignment. fhe conditions the
teacher arranges must be powerful cnough to
compete with those undet which the student tends
tu behave 1in distracing ways. In what has come to
be called “conungency nmanagement in the classe
toom,” tokens arc someumes used as rewards or
remforcers. They become reinforcing when they are
exchanged for reinforcers that are alteady effective,
Thete s no “natural™ relation between what 1s
leatned and what 1s received. The token 1s simply a
temforcer that can be made clearly contingen: upon
behavior. To straighten out a wholly distupted
asstoom, something as ubvious 2s = ioken economy
may be nceded, but less conspicuous contutgen:
ues ~ 25 0 a credit-point system, pethaps, or
possibly in the long run megely expressions of
approval on the part of teacher or peer — may take
ovet

The teacher can often make the change from
punishment to positive reinforcement 1n a surs
ptisingly simple way — by responding to the stu.
dent's success rather than his failures. Teachers have
100 often supposed that their role is to point out
what students are dolng wrong, but polnting to
what they ate doing right will often make an
enutmous difference in the atmosphere of a class
room and in the effiviency of instruction, Pro-
pammed materials are helpful 1 bunging about
these changes, because they increase the ftequency
with which the student enjoys the sausfaction of
being right, and they supply a2 valuable intrinsic
rewaid n pruviding a clear indkauun uf prugress. A
good program makes a siep in the diection of
competence almost as conspicuous as a token.

Programmed instruction is pethaps most success
ful in attacking punitive methods by allowing the
student to move at his own pace. The slow student
is released from the pumshment which mevitably
follows when he 13 forced to muve on to matenal
for which he is not ready, and the fast student
escapes the botedum of bemg forced wu go tuv siow.
These pnnciples have recently been extended to
cullege cducation, with dramatic results, n the
Kelles system of personalized Instruction.?

The Responsibility of Setting Educational Policy

There is Ntle doubt that a student can be given
nonpunitive reasups for acquitmg behavior that wiil
bew ume useful o1 otherwise reinforcing at some fater
date, He can be prepared fur the future. But what s
that future? Who s tu say wha the siudent should
learn? Those who have sponsored the frec and
happy student have drgucd that .. is the student
himself who should say. His cutres.s interests should
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be the soutce of an effective educational policy,
Certainly they Will reflect his idiosyncrasies, and
that 1s goud, but how much ¢an he know about the
world in which he will eventually play a part® The
tlugy he 1s “naturally™ curious about ate of current
and often temporary interest. Bow nmany things
wust he possess besides s “hot tad™ to provide the
inanble curjosity selevant to, say, a wune in
physics?

It must be aduutted that the teacher s not
always an a better postion, Agan and agam cduca-
tion has gune aut uf date gy teadern have continued
to teach subjects which were au lunger relevant at
any time m the student'’s lite Teachars often teach
sunply what they know (M ol what s taught 1n
prvate schouls 1s determmed hy what the avalable
teachers wan teait) Teahers tud o teach what
they cau teach canly, Their custent interests, hike
those uf students, may nut be a rehable gude,

Nevertheless, 1 recugniang e nustakes that
have been made i the past in speaty mg what
students ate 1o learn, we Ju pot absulve vursclves
from the tespunubility  of sctung cducational
policy We should say. we shuuld be willing to say,
what we believe students will nced 10 hauw, aking
the individual student sito wccount wherever pussi-
ble, but wihuiwise making wui be « predictiun with
tespect to students i gencal. Value judgients af
this surt aie aut as hatd o wake as 13 vlien argued,
Suppute we undeilake Lo pucpare the stodemt 1o
produce his Jhare of the guwds hie will consune and
the services he will use, to get un well with lus
fellows, and to enjoy hus hife, In doing 50 are we
impostng our values on someone efse? No, we are
metely choosing a set of speaifications which, so far
as we can tell, will at some time in the futuse prove
valuzble to the student and his culture, Who is any
more hkely to be nght?

The natural, logieal outcome of the struggle for
personal fiecedom in education 1s that the teacher
should improve his control of the student rathes
than abandon it. The fice school is no school at all,

Q

RIC

lts philosophy signalizes the abdxation of the
teacher. The teacher who understands hus assign.
ment and 15 fanuhar with the behavioral processes
needed to fulfill it can have swdents who not ouly
fect frec and happy while they are being taught but
who will cuntinue to teel fice and happy wiien theis
formal cducation comes to an end. They witl do sa
because they will be successtal in then work (haviry
acqulted uscful productive sepertotes), because
they will get on well with thenr fellows (having
tearned tu understand themselves and athers), be.
cause they will enjuy what they da (having acquised
the necessary knowledge and skills), and because
they will frum time to tume make an occasional
vredtive cuntubution toward an even mose etfective
and cnpoyable way of hfe, Possibly the most
impurtant cunsequence s that the teacher will then
feel frce and happy too.

We must choose today between Cassandran and
Utopian prugnustications. Are we to work to averd
disaster o1 to aulueve s better world? Agan, it 15 a
question of pumshment or reward, Must we act
because we are frightened, or are there positive
reasuns for changing vur culacal pracices? The
Issue goes fui beyund cducatiun, but 1t 15 une with
respect 10 which education has much 1o offer. To
eseape from or avoid disaster, people are likely to
turn to the punitive measures of a police state. To
wortk for a better world, they may tusn instead to
the pusitive methods of education, When 1t finds ts
most effective methods, education will be almost
uniquely relevant to thie task of setting up and
maintaining a better way of life,

1. Caril R, Rogers, Freedoms to Leem (Columbus, O.:
Merrill, 1969),

3 PSS! Newsletter, Octaber, 1972 (published by Deput.
meat of Fsychology, Gevrgetawn Universily, 5. G, Shetman,
cd.).




The technology of teaching

By B. F. SKinnER

REFERENCES

More than 80 years ago, in his Talks to teachers vi psychaluyy, Williamn Jaines (18yy)
said. ‘You make a great, a very great mistahe, if you ihink that psycholugy, buing
the scicnce of the mind's laws, is sumcthing fium which you can duduce difinite
programs and schemes and methueds of instruction fur imadiate s loultovm use.
Psychology is a scicnee, and teaching is an art, and scicnees nover gouate arts
directly out of thumselves. An intermediary inventive mind inust maeke the
application, by using its originality.” In the years which folluwed, vducational
psychology and the experimental peyclology of Jearniug Jid little to prove him
wroug. Aslate a8 1962, an Amcrican critic, Jacques Barzun (1962}, asserted that
Ja.aes’s buok still centaindd ‘nearly all that anyune need know of educational
method’.

Speaking for the psycholugy of his time Jamnes waa probably 1ight, but Barzun
wag clearly wrong. A spedial Lranch of psycivlugy, the so called eaperimuntal
analysis of behaviour, has produced if not an art at least a tanology of teadling
from which one can indeed ‘doduce prugrams and schaues and incthods of in-
struction’. The public is anare of this technulugy through two of its pradudts,
teaching machines and programmed instruction. Thir rise has been meteoric.
Within a single Jdecade hundreda of instructivnal programmes Liase been published,
many different kinds of teacking machines have been offured for sale, and sucicties
for programmed instruction Lav e been founded ina dozun countaics. Canfurtanately,
much of the technology has lost contact with its basic science.

Teaing machines are widely niisunderstood. 1t is often supposald that they are
simply devices which mechanize functions vnee suved by human teadiers. Teatiug
isan cxample. The teacher must discover what the student Lias latued and can do
so with the help of machines, the scoring of nultiple livice tests by machine is now
common. Nearly 40 ycars ago Sidney Presscy (1926) puinted out that a student
learned something when told whether lis answers arc right or wruny and that a
self-sconing machine cvuld therefure teach. Pressuy assumed that the otudent had
studred a subject befure coming to the testing machine, but «ume modern varsions
also present the material un which the student is tw Le tested. They thus imitate,
and could presumably replace, the teacher. But Lulding a student 1o spunsible for
assignod material is not teaching, even though it is & luge part of modern school
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and wivarmty gnactice. Itis~imply a way of inducing the student to learn without
heing tanght. )

Sumie soscalled toadlii |, machines serve anuther conspicuous funetion of the
teacker they are disigned primaaly to attract and hold attention. The television
acrcen i praisad for its Ly puotic powcrs. A machine has recently been advertised
which Lolds the studont’s licad between carphones and his face a few inches from
a Lrightly it text. Tt is intended thet he will read a few lines, then listen to his
rccorded voice as Lie reads than over againe all in the name of ‘concentration.’
Machines also Lave the anrgy and patienee needed for simple exeruse or drnill,
Many language laboratories take the student over the same material again and
cain, as only a dedicated private tator could do, on some theory of ‘autumaticity.’

These are all fanctions which should never have been served by teachers in the
first place, and mechenizing them is small gain,

The programming of instruction has also been widely misunderstood. The first
programmes einerging from an exprrimental analysis of behaviour were copivd only
in «atain supcrficial aspacts. Fdudational theorists could assimilate the principles
they appeared te oxanplify to carlier philoscyhies. Programmed instruetion, for
example, has been called Socratic, The archetype] pattern is the famous seeno in
the Meno in which Socrites tahes the slave Loy theongh Pythagoras’s theorem on
doubling the square. It is one of the great fiands in the history of education.
Socrates asks the boy a long series of leading questions and, atthongh the boy makes
no response which has not been carcfully prepared, insists that he has told him
nathing. Inany case the boy has learned nothing, he could not have gone through
the proof by himself aftawards, and Sucrates says as much later in the dialoguo.
Even if the boy Lad contiibuted something to the proof by way of a modest original
discovery, it would still be wrong to argue that his behaviour in doing so under
Rocrates’s careful gnidance reseinbled Pythagoras’s original unguided achievenient,

Other supposed principles of programming have been found in the writings of
Camenins in the seventeentlicentury  for example, that the student shonld not be
a-ked to take a step he cannot take  and in the aork of the American psychologist,
E- L. Thorndike, who more than 50 years ago puinted to the value of making gure
that the student understood one page of a text before moving on to the next, A
good programme docs kead the student step by step, cach step is within his range,
and he usually undertands it before moving on, but progratoming is mueh more
than this What it is, and how it is rclated to teaching maclines, can be made clear
only by returning to the expetimental analysis of behaviour which gave rise to the
movenient.,

Animportant process in human bohasiour is attributed, none too accurately, to
“teward and punishment * Thorndike described it in his Law of Effect. It is now
commonly referred to as ‘operant conditi sning"—not to he confused with the
conditioned refleses of Pavlor. The essentials may be scen ina typical experimental
airangement  Figure 1, plate 50, shows a hungry rat in an experimental space
which contains a food dispenser. A lorizontal bar at the end of a lever projects
fiom one wall  Depression of the lever operates a switeh. When the switeh is
comneeted with the food dispenser, any behaviour on the part of the rat which
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depresses the lever is, 83 we say, ‘reiuforced with fuud.” Theappatataasiiaply makes
the appearance of food contingent upor the vucunence of an arbitiary bit of
behaviour. Under such circumstances the prolability that & responso to the lover
will occur again ig increased (Skinner 1938).

The basic contingency between an act and its cousequunaes has been studied
over a fairly wide range of species. Pigeuns have been ranforced for pedhing st
transilluminated disks (figure 2, plate 51), monheys for vperating togule awitchies
which were first designed for that mouie advanced primate, man, and so on.
Reinforcers which have been studicd inddade water, seaual contact, the oppuitunity
toactaggressively, and with human subjects: approval of oud’s fullow ncn sl
the universal generalized reinforcer, money.

The relation between a respunse and its conscquendes may be simple, and the
change in probability of the respeaisc is not surprising. Ity tucicforc apponn that
research of this sort is simply proving the obvious. A critic has recontly anid that
King Svlomon must have knuwn all about vpurant conditiouing Lacause e uacd

. rewards and punishment. In the same sense his archors must liave kuown all uboat
Hooke’s Law because they used bows and arrows. What is tohnologically uscful
in operant conditioning is vur increasing knowladge of the cxtiaondiily subtle
and wmplex properties of behaviour which may be tiaccd to subtle and comphoa
features of the countingenucs of reinforecement which prevail in the anviionment.

We may arrange matters, fur example, s that the1at will receive foud only when
1t depresses the lever with a given foree. Weaker rexponses then disappear, and
exceptionally forceful respunses begin to veeur and can be sclceted thiough further
differential reinforceinent. Remforcement may ulso he made contingint upon the
presence of stimuli. depression of the lever operates thc food disponsor, for caanple,
only when a tone of a given pitch is sounding. As a result the rat s nach monc
likely to respond when a tone of that pitch is sounding. Responiscs may also he
reinforced only mtermittently. Some cominon sclicdules of 1emfore ment arc the
subject of probability theory, Gambling devices often provide for the rduforce
ment of varyiug numbers of respunses in an unpredictable sequenee. Comparable
schedules are programmed in the laburatory by interpusing countuas hetween the
operandum and the reinforcing device. The uxtensive hterature on schedulos of
remforcement (see, for examnple, Furster & Shinner 1957) also rovers inteamittont
reinforcement arranged by clocks and speedometers.

A more complex experimental space contains two opuranda -two levers to be
pressed, for example, or two disks to be pecked. Sume of the resulting contings neies
are the subject of decisiun-making theory. Respunscs may also be chained toge ther,
s0 that responding in une way produces the opportunity to renpond in another.
A sull ravre wmplex experimental space contains two vrganisms with their re-
spective operanda and with interlocking schedules of rinforccment. Game theory
is concerned with cuntingencies of this sort. The study of opirant behaviour, how
ever, gues beyond an analysis of possible contingencies to the beliaviour generated.,

The applicauon of operant vonditivning to education iy simple and direct.
Teaching is the arrangewent of cuntingencies of reinforcernent under v hich students
learn. They learn without teaching in their natural aniroments, but tashers
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arrange speaal contingencies which expedite learning, hastening the appearance of
b liasiour which would othiurwiso be vauircd BlOWXy or making sure of the ap-
pearance of beliaviour which might otherwise never occur.

A teadung machine is simply any device which arranges contingencies of re
wfuicement. There are a8 many different kinds of machines as there are different
hinds of contingo ncies. In thissense the apparatuscs developed for the experimental
analysis of Lihaviour were the first teaching machines. They remain much more
comiplex aud subtle than the devioos currently available in education - a state of
affairs to Lo regretted by auyone who is cuncerned with making education as
effcctive as possible. Buth the Lasic analysis and its technological applications
roquire instrumental aid. Eatly expurinienters manipulated stimuli and reinforcers
and recurded responses by hand, but current rescarch without the help of extensive
apparatvs is unthinkable. The teacdier needs similar instrumental support, for it is
impusaible tu airange many of the contingencies of reinforcement wl.i h expedite
learming without it. Adoyuate apparatus has not eliminated the researcher, and
teaclung mactunes will nut Jiinate the teacher. But both teacher and rcsearchar
must have such equipmeitt if they are to work effectivéiy.

Prugiammed instruction also made its first appearance in the laboratory in the
furn of programuned continguncies of reinforcement. The almost miraculous power
to change behaviour which fiequently emeorges is perhaps the most couspicuous
wontribution to date of an experimental analysis of behaviour. There are at least

four diffcreut hinds of prograsuming. One is cuncerned with generating new and

cwmplex patterns or “topographics® of behaviour. It is in the natore of operant
conditiomng that a response cannot be reinfureed until it has occurred. For
eapenimental pul puses & resputise is chiusen which presents no problem (a rat is
likely to press a susitive tever within a short time), but we could casily specify
respunises which neyver vcoun i this way. Can they then never be reinforced?
The prog mmnnub of @ rate tupugiaphy of respunse is sumetimes demonstrated
w the dassroom g the following way, A hungry pigeon is placed in an enclosed
space where it is vimble to the dass. A fuud dispenser can be operated with a
sandawitd hidd By the domonstrator. The pigeon has learned W eat frum the food
Qispronser without bong dictwibed by ats operation, Lut it Las not been conditioned
iy other way. Thi dass is ashed to specify a response whicli is not part of the
current tepaatoine of the pugeon. Suppuse, for example, it is decided that the
pigeot. 15 to pace & figure vght, The demonstiatur cannot simply wait for this
ispunst to veowr and thon rauforce it Instead lie reinforees any current response
whicli may contnibute to the final pattern  possibly simply turning the head or
tahing a ~topan, sdd . a Jdochwi o dincction, The 1dnforeed response will quickly be
topeatad nd van actually s loarning take place under these circumstances), and
runforcanent bs thon withlidd wutid awore marhed movement in the same direction
is made. Eventually only a complcte turn is 1einfurced, Similar responses in a
counturduchw s diection are thenstrengthened, the dockwise moy ement suffering
pattial extinction.” When a couplite countercduchnise movement has thus been
shaped’, the dochwise turn i winstated, and eventually the pigeon makes both
tuins s succcsion and s sonfuicad. The whole pattern is then quickly sepeated.
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Q.E.D. The prucess of ‘shaping” a respunise of this cutnplenity should take o more
than five or ten minutes. The demonstrator’s unly cuntact with the pigoon is by
way of the handswith, which permits him tu detarmine the exact moment of
operation of the fuud dispenser. By selecting respunsus to be reinfurced he im-
provises & programme of contingencies, at cach stage of which a 1oponse is
reinfurced whiclc makes it pussible to move on to a mwre dun.uuiing stage, The
contingencics gradually apprvach tiwse which gencrate the final specificdiesponse.

Fruure 3. Curve shuowing thy nuber of hours per day ducing which glassis were
worh, plotted cumulatindy. The final slope 15 abuut twidve hours per day.

This methud of shaping a tupugraply of response has been used by Wolf, Mees
& Risley (1464) v sulve a difficult behaviour problem. A buy was burn blind with
cataracts, Bufore he was of an age at whidh an vpaation was feasible, he had
begun to display severe temper tantrums, and after the opaation he romained
unmanageable. It was impussible to get him to weat the glasses without which he
would svun become permancatly blind. His tantiums incduded suiivus self destruc
tive beliaviour, and hie was admitted to a huspital with a diagnusis of ‘child
schizophrenia,” Two principles of uparant conditioning were applicd, The temper
tantrums were Catinguished by making sure that they were never followed by
runfurang conscyuences. A programime of contingondio of rdinfurcemant was then
designed to shape the desired behavivur of wearing glasses. It was ucuessary to
alluw the child to go hungry su that fuud could be used as an effective reinforcer.
Empty glasses fiames were placed abuut the 1oum and any respunse which made
cuntact with them was rvinfuoreed with foud. Rdinfuicement was then made
contingent on picking up the fiames, carryiug than abont, and 5o on, in a pro
grammed sequence. Sum: difficulty was cncountered in shaping the raponse of
putting the frames on the face in the proper pusition. When this was cvantually
achieved, the prescription lenses were put in the frames. Wolf ot al publish a
cumulative eurve (fgure 3) shuwing the number of hours por day the glassts were
worn. The final slope represents essentially all the (hild’s waking hours.
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Opnrant tehingues wae first applied to psychotic subjects in the pivncering
work of Lindsley (1960). Aznn and others have programmed contingencies of
riinforcemont to sulve curtam managoment problems in institutions for the pay-
vhotic {Ayllun & Aann 1963). The techniques are not designed to cure psychuses
but to gencrate trouble froe belaviour. In une experiment a whole ward was placed
ot an coonutitic basis, Pationts were reinfurced with tokens when they behaved in
ways which madd for sanplor managanent, and in turn paid for services received,
ruth as maals ur consultations with psy chiatrists. Such an ecunvmie systemn, like
auy counomic systum in the world at large, represents a special set of terminal
wontingendies which in neither system guarantee appropriate bhaviour. The
contingndies must be made ¢ffeetive by appropriate programmes.

A sccond Rind of progiamming 15 used W alter tanporal or intensive properties
of bohavieur, By diffuantially acinfording unly the more vigurous instances in
which a pigeon ks a di-k and by advandng the minimum requircment very
Jowly, a pigeon can be inducdd to peck su encrgetically that the base of its beuk
becotiaes inflamad. If otic wore to bogin with this terminal contingeney, the be-
havivur would nover’desdop. Thire is nothing new about the necessary program-
ming. An athlctic coadh may train a Ligh jumper smply by moving the bar higher
Ly small incremicnts, cadh sctting permitting sume successful jumps to occur, But
wany intensive and tomporal contingendies  such as thouse seen in the arts, erafts,
and music  are very subtle and must be carcfully analysed if they are to be
properly programnmed.

Anuthar Rind of progiamaning is concerned with bringing behaviour under the
control of stimuli. We could dotesmine a rat’s sensitivity to tones of different
pit: hos by reinforcing 1cpuniscs madc when one tone is sounding and extinguishing
all re-ponacs made whon othicr tones are sounding. We may wish to avoid extinetion,
howovar, tho vganism is to acguire the diserimination without making any errors.’
An (ffective prowdure Livs boen analysed by Terrace (1963). Suppose we are to
wnditivn a pigoun to pe ko red disk but not a green. If we simply reinfoice it for
peching the rad disk, it will almost ecrtainly peck the green as well and these
“crrors” must be eatinguished. Terrace begins with dishs which are as different as
proesible. Onc s illuminatcd by a red light, but the other is dark. Although re-
inforcad for poching the rad disk, the pigeon is not Jikely to peck the dark disk, at
least dutiig a poriod of afen ~ceonds, When the disk again becomes red, a response
is immaliatdly niade, Tt is possible to cxtend the length of time the disk remains
dark. Eventually the pigeon pocks the red disk instantly, but does not peck the
darh dish no sattar how long it remains dark, The important point is that it has
never pecked the dark disk at any time.

A faint praanlightis then added to the dark disk, Over a period of time the green
light licomes brighter and oy cntually is asbright as the red. The pigeon z.ow respunds
in-tantly to the rod dish Lut wot to the green and has never respunded to the green,

A sccond sud mord difficalt disaimination can then be taught without errors by
transforring coutrol from the rod and green disks. et us say that the pigeon is to
respond to a8 whitc vartical bar projocted on a black disk but not to a horizontal.
Thes  pattorns are first Cupatimposcd upun red and green backgrounds, and the
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pigeon is reinforced when it responds to red vertical but not tu green-horizontal.
The intensity of the colour is then slowly reduced. Evcutually the pigeon 1espunds
% the black and white vertical bar, does not 1espond to the blach and wlute
horizontal bar, and has never done so. The result could paihaps be adchiesed more
rapidly by permitting errors to occur and eatinguishing them, but otlier issues may
ueed to be taken into account. When extinction is used, the pigeon shows powerful
emotional responses to the wrong stimulus, when the Tenace tedhnigue 1 used 1t
remains quite indiffercnt. It is, so to speak ,‘not afraid of making a mistake’. The
diffrrence is relevant to education, wlere the anaiety gencrated by current methads
constitutes a serious problem. Thete are thuse who would defend a «rtain amount
of anxjety as a good thing, but we may still cuvy the ocasionally lappy mwan who
readily responds when the occasion is appropriste but is othe rwise buth cimotionally
and intellectuslly disengaged. The important point.is that the tarnumal coutingen-
cies controlling the behaviour of both anxivus and nunanaivus stadonts are the
same ; the difference is to be traced to the programme by way of wlih the ternumal
behaviour has been reached. . . .

The discriminative capacities of luwer urganisms have been investigated with
mcthods which require very shilful progranuning, Blougl (19,6), fot example, has
developed a techuique in which a pigeon waintains o spot of light at an 1tensity
at which it can just be seen. By using a range of monuchiromatic lights he has
shuwn that the spectral scusitivity of the pigeonis ety dose tuthatof man. Several
other techniques are available which make it pussible to use lower urgamsms as
sensitive psychopliysical vbscrvers. They are available, however, ouly to thuse
who understand the prineiples of programming.

Some current work by Murray Sidman provides a diamatic example of program-
ming a subtle discrimination in a microceplalic idiot. At the start of the eapen-
ment Sidman’s subject (figure 4, plate 51) was 40 years uld. He was said to have
a mental age of about 18 months. He was partially tuilet tiained .und drossed
himself with help. To judge from the brain of Lis sistet, now available fur post-
morten study, his brain is probably about vue thind the nvimal size. Sidinan
investigated his ability to disaiminate ciicular funns projected on tiauslueent
vertical pancls. Small picees of chocolate were used as acinforcas. AL fist any
proeassure against a single large vortical panel (figure 5.4) operatad the device whidh
dropped a bit of chucolate into a cup within reach. Though showing tddativddy poor
tutor o vrdination, the subjoct cventually cxecuted the roquited, rather dohate
1esponse. The panel was then subdivivded iuto a three Ly thied st of simaller
paucls (to be seen in figure 4, plate 51, and reprosented schomatically i figuie 5 B),
the central panel not being used in what fullows, The subject was fitst reanfuroed
when hie pressed any of the cight remaining pauels. A single panct was then lit
at random, & circle being projucted onat (figure 5C). The aubjoct loatined to press
the lighted panel. Flat ¢lipses were then projucted on the othar pands at a low
ilumination (figure 5D). In subsequent settings the lipaes, now bightly illumi-
nated, progressively approachied cirddes (figure 5 £ to G). Eachistage wasnaintained
until the subject had fuormed the necessary discrimination, all cortect 1eapoises
being rcinfurced with chowolate. Eventually the subject could succeasfully solect
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a virde from an array approximately like that shown in figure 5H. Using
sundar shapang technigues Sidman and his assuciates have conditioned the subject
to pick up and use & pencil appropriately, tracing letters faintly projected on a
sheet of paper.
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Frouvae 50 A progianne disigicd o teach subtle fonn discrmupation. Reinforcornent was
wnting bt on, (A} & sespunse soving a large pandl, (B) a respunse moving any one of
mune sl paands (with the caaoption of the centre panely, (C) a response moving only
the one pandd en whach a cirdo s projucted, (D) as before except that flat ellipses appuar
fauntly on the vthr paids, (E,F,G) 8 riopunse to the panel beanng o wircle, appaaring
w satdon position anong dlipses the shurter axis of which s progressi oly lengthening;
) o rcapons to the pandd boanng a arde among cllipses closely approxinsting urdles.

O

The intllcctual accomplishments of this microcephalic idiot in the furty-first
yearof Lis life have eaceedad all those of his first 40 years, They were pussible only
borause he has lived a fow hours of cach week of that year in a well programmed
enviroument. No very Lright futuie bochons (he has already lived longer than
most people of his Kind), and it is impossible to say what he might have achicved
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if he had Yeen subject to a similar programmie fiom birth, but he has contributed
to our knuwledge by dumonstrating the power of a method of instruction which
would scarcely be tested on a less promising case. (The Lnght futures bdong to the
nurmal and eaceptivnal L ren who will Le fortunate cuvugh w live in coviron-
ments which have boon dosigned to maximize thetr dovdopmont, and of whose
potentinl achieveinents wo have now scarecly any conception.)

A fourth Kind of programming has to av with maintaning bohaviour under
infrequent reinfurcament. A pigeon will continue to respund eyven though only vne
response in every hundied, say, is reinforced, but it will not do so unless the
cuntingencies Lave been programmed. A ficsh pigeon is o mord likdy toopodk a
disk a hundred times than to pace a figure dght. The bohaviour is built up by
reinforcing every response, thon every other respunse, then evary fifth rosponse,
and so on, waiting at cach stage until the behaviour is 1easonably stable. Undor
careful programming pigeons have continued to respond when unly cvery ten-
thousandth response has been rdinforeed, and this is cortainly not the limit. An
vbserver might say that the pigeon ie ‘greatly mtorestad i his werk ', '3 wdustrions®,
‘remarhably tolerant to frustration®, ‘fice from discouragement’, “dodicated to
his task ®, and su on. These exprossions are woinmonly applicd to students wlio have
had the benefit of similar programming, acddental or arranged.

The cffective scheduling of reinforcement is an nuportant dement in educational
dusign. Suppuse we wish to teach a student to read ‘goud buoks® buoks which,
almust by definition, do not ruinfurce the reader suntence by sentence or even
paragraph Ly paragraph but vnly when posaibly hundreds of pages have prepared
him for & vonvinding or muving dénvuement, The studont must Le expusad to a
programme of materials which Luldd up & tendency to read in the absence of
remforcement, Such programnes are sldom constructed doliboratddy and schlom
anse by acudont, and 1t is therefure not surprising that fuw students even in goud
universitics loarn to read buoks of this surt and continue to do su fur the st of
their lives. In thuir prde, schouls are Likely to atrange just the wrong conditions,
they are likely to maintain su-called ‘standards’ under which buoks are forced
upon students before they have had adequate preparation.

Other ubjutives in wducation nad sinular programming. The dadicated scientist
who wuths fur years m spite of repoated failures is often lovkad upon as a happy
acadent, but he may wdl be the product of a Lappy if accidontal history of
reinfurcement. A programme in which cxdting results werg fist common but
became less and less frequent could generate the capacity to cuntinue in the
abscnee of reinfurweruent for lung perivds of time. Such progratnmes shivuld atise
naturally as scicutists turn to more and mure difficult aicas. Pubaps not many
effective programiues are to be expected for this reason, and they arc only rarcdy
designed by teachers of siicnce. This may explain why there are ~o fow dedicated
screntists,  Maintaining a high level of activity is une of the more important
achievements of programming. Repeatedly, in its Jong history, cducation Las
resorted to aversive control to keep its students at work. A proper understanding
of the scheduling of reinfurcement may lead at lung last to a Letter solution of
this problem.
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Let us Jook at thas prindiplos of programmming at work in one or two traditional
cducntional assignments. Instruction in handwriting will secve as one example.
To ssy that a cliild is to learn ‘how to write® tells us very little. The so-called signs
of “lnowing Liuw to write* piovide a more uscful set of behavioural specifications.
The child is to form Ictters aud words which are legible and graceful according to
taste  He is to do this fust in copying a model, then in writing to dictation (or
sel” dictation as he spells out words Le would otherwise speak), and eventually
in writing as a scparate nonvocal furm of verbal behaviour. A common mothod 15
to ask the (hild to copy lettars ur wurds and to apptove or otherwise reinforce his
a} proximations to guod cupy. Moic and more exact copies are demanded 25 the
hand improves: -in a crude sort of programming. The method is ineflective largely
herause the reinforcunents are too long deferred. The parent or teacher comments
upon or corrects the child’s work long after it has been performed.

A possible solution is to teach the child to discriminate between good and bad
f rm before he starts to write. Acceptable behaviour should then generate im-
e diate, antomatic self reiuforcement. "Mhis is seldomn done. Another possibility is
ti make reinforcement iinme diately ('U;ltillgcllt upon successful responses. One
u.rthod now being tested is to treat paper chemically so that the pen the child uses
wites in dark Llue when a 1esponse is correct and yellow when it is incorrect. The
dark Blue line is made automatically reinforcing through genervus commendation.
Under such contingencies the proper »xecution of a letter can be programimned ; at
first the child makes a very small contribution in completing a letter, but through
progressive stages he approaches the puint at which he composes the letter as a
whole, the chemical 1esponse of the paper differentially reinforeing good form
throughnut The model to be copied is then made progressively less important by
separating it in both time and space frum the child’s work. Eventually words are
written to dictation, lctter by letter, in spelling dictated words, and in deseribing
pictures The same kind of diffucntial reinforcement can be used to teach good
form, proper <pacing. and so on. The hild is eventually forming letters skilfully
under continuous automatic reinforcament. The method is dirceted as much
toward motivation as toward goud form. Even quite y oung children remain busily
at work for long periods of time without coercion or threat, showing few signs of
fatigue, nervousness, or other forms of eseape.

Asa second example we may consider the acquisition of a simple form of verbal
behaviour A behavionral spedification is here likely to be especially strongly
tesisted 1t iy much more inline with traditional educationat pulicy to say that the
student is to "know facts, understand principles, be able to put ideas into words,
express meanings, or communivate information.’ In Verbal behaviour (Skinner
1957) 1 tried to show how the behaviour exhibited in such activities could be
formulated withont reforence to ideas, mcanings, or infurmation, and many of the
principles currently used in programming . erbal knowledge have been drawn from
that analy<is. The ficld is tuo large to be adequately cos ered here, but two examplez
may suggest the edireetion of the approach.

What bappens when a student micmorizes a poem? Let us say that hie begins by

readivg the poem from a text. His Lehaviour is at that time under the control of
L, -
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the text, and 1t is to be accounted for by examining the process thivugh which he
has lcarned to read. When he eventually speaks the pucm in the abstnce of a text,
the same furm of verbal belaviour Lias cume under the control of uther stimali.
He may begin to recite when asked todu s he s than under control of an eatornal
verbal stimulus  but, as he continues to reciee, lis buhavivur comes under the
cuntrol of stimuli he himself i3 guncrating (not newessarily in & audc sord by word
chai.ing of responses). In the prucess of ‘menorizing” the puum, control passes
from one kind of stimulus to another.

caduceas

FIouRre 6

A dassruum dumonstration of the transfor of control frum text to self generated
stimuli Mustrates the provess. A short poem is projucted on a screen or written
un & chalkbuard. A fuw unnccessary lottars arc omitted. The dass reads the puem
in churus. A second shide is theu projocted in which otha kttars are missing (or
letters erased from the chialkbuard). The class could not Lave read the puem
correctly of this furm had beun presented first, but bocause of its recont histony it is
able to Jo 8o. (Sutne members undoubtedly receive idp from othiors i the process
of chural reading.) In & third setting still other lettas arc omitted, and after a
series of five ur six settings the text has cumplitely disappoaral. The duss is
nevertheless able to ‘read” the peem. Countrol has passed mainly to self generated
stimuli.

As another example, consider what & student learns when he consults an illu-
strated dictivnary. Aftar Jooking at a labelled picture, as in figure 6, we say that
lie knows something he did not know before. This is anothor of those vague
expressions ahich have done so muds hann to education, The *signs or sy mptoms
of such knowledge® are of two sorts. Shuwn the picture in figure 6 without the
text the student can say ‘Laduceus’ (we say that he now kuows whiat the object
pretured in the figure is called) or, shown the word caduceus, lie can now describe
or reconstruct the picture (we say that he now kiows what the word caduccus
means). But what has actually happened?

The basic process 1s sumlar to that of transfining disciminative control in the
Terrace expenment. To begin with, the student can respond to the picture in
vanous ways. he ean describe it without naming it, he can find a similar picture in
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an array, he can draw & fair copy, and so on. He can also speak the name by
teading th printed word, When he first looks at the picture and reads the word, his
varbal topuonse 1s primanly under the control of the text, but it must ¢ventually
be controlled by the pucture, As in transfurring the control exerted by red and green
tu vastival and honzontal Lines, we can change the control efficiontly by miaking the
teat gradually loss important, covering part of it, removing sume of the letters, or
fupging it wath a translucout mask. As the picture acguires control the student can
sptak the name with less aud less help fiom the text. Eventually, when the picture
uacrts cnough control, he “kinows tle name of the pictured vbject.” The normal
studcnt an learn the name of une ubject so quickly that the “vauishing’ technique
may not be nedded, but it is a highly ffective procedure in learning the names of o
largy numbar of ubjects. The good student learns how to make progressive reductions
i the ffective ness of a text by himsdlf. he may glaned at the text out of thoe corner
of his ¢ye, uncover it Lit by bit, aud o on. In this way he improvises his own
programme in waking the toat less and less important as tho picture acquires
control of the verbal response.

In tealinng the student “the meaning of the word caducess’ we could slowly
ubscure the picture, asking the student to respond to the name by completing a
draning or desciiption or by finding 8 matching picture in an array. Eventually
i answer to the question What is o caducews? he deseribes the ubject, makes a crude
shetih, or puints to the picture of a caduceus. Tle shilful student uses teckniques
of this sort in studying unprogrammed material.

‘Koowing what a caduceus is” or ‘knowing the meaning of the word caduceus’
is probably smore than tesponding in those ways to picture or text. In othier words,
thorc arc uther “signs of huowhedge.” That is une 1eason why the concept of know-
lodgd is so lnadiguate, But othor rdevant bohayiour must be taught, if at all, in
substantially the same way.

Thosc examplis du scant justice to the many hundreds of offective programmes
now available vi to the tochniques wiich many of themn use so effectively; but they
must suflice s o basis for discussing a few guueral issues. An effective technology
of teaching, darived wot frum plulusophical principles but from s realistic analysis
of Luman bohaviour, has much to contribute, but as its nature has come to be
clearly scen, strong opposition has arisen,

A cotumon vhijoction s that most of the carly work responsible for the basic
formulation of biliaviour was done on so called lower animals. It has Leen argued
that the proceduncs e thordfore appropriate only to animals and that to use them
i cducation is to trcat the studeast like an animal. So far as I kuow, no one argues
that bivause sutncthing is true of a pigoon, it is therefore true of a man. There are
ciotmous diffaonce inthe topugraphics of the behavivurs of man and pigeon and
in the Kinds of covitonmental cvonts which are relevant to that hehaviour—
diffucuces whidh, if anatomy and plysiology were adequate to the ta k, we eould
frobably compare with diffirences in the mediating substrata  but the basic
provessts i behaviour, as in neatal tissue, show helpful similarities. Relatively
simple otgunistis have many advantages in early stages of rescarch, but they
ipoust Lo litnit o that icscarc, Complex processes ate et and dealt 'with as the
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analysis procceds. Experiments on piyeons may not thiow much hight on the
‘nature’ of man, but they are cxtiavrdinarily helpful in cnabling us tu analyse
man's environment more effectively. What is cummon to pigeon and man is a
world in which certain contingencies of rcinforcanent prevail. The schedule of
reinforcement which mnakes a pigeon a pathulugical gambler is to be found at race
track aud roulette tablé, where it has a comparable effect.

Another objection is to the use of contrived cuntingencies of reinforcement. In
daily life one does no* wear glasses in vrder 4o get fuud or point to crcles i order to
feceive chocolate. Such reinfurcers are not .iaturally cuntingent un the behasiour
and there may scem to be sumcthing synthetic, spurivus, or even fraudulent about
them. The attack on contrived cuntingencies of rcinforccinent may be traced to
Rousseau and his amazing book, Emile. Rousseau wanted to avoid the punitive
systems of his day. Convinced as he was that civilization corrupts, he was also
afraid of all social reinforcers. His plan was to make the student dependent upon
things rather than people. John Dewey restated the privciple by cnphasizing real
life experiences in the schoolroum. In American education it 1s commonly_argucd
that’a child must be taught nothing until he can reap natural Henefits from hnow mg
it. Heis not to learn to write until he can take satisfuction in writing his name m
his books, or notes to his fricnds. Producing a purple rather than a ycllow line 1s
irrclevant to handwriting. Unfortunately, the tcacher who confines himself to
natural reinforeers is often inductive, particularly because only certam subjects
can be taught through their use, and he wventually falls back upon some form of
punishment. But avaisive cuntrol is the most shameful of irrelesandies. it 1s unly
in school that one parses a Latin sentence to avoid the cane.

The objection to contrived rainfurcers arises frum a misundcrstanding of the
nature of teaching. The teacher eapedites learning by arrangiyg spedial contin-
g2 ies of reinfurcement, which may not resumble the contingendies under which
the behaviour is eventually useful. Parents teach a baby to talk Ly reinfurcing its
first effurts with approval and affection, Lut these are not natural couseyuencss of
speech. The baby learns to say mama, dada, spuon, ot cup months before he cver
calls to his father ur mother ur identifies thum to a passing stranger or asks fura
spoun or cup ur repurts thear presence to svmevne who cannot see them. The
contrived reinforcoment shapus the topugraphy of verbal beliaviour long before
that behaviour can praduce its sormal consequences in a verbal ommunity. In
the same way a child rdinfurced for the proper furmation of lettars by a chicmical
rcaction is prepared to wiite long befure the natural conscquences of cffective
writing take over. It was neu ~sary to use a ‘spurivus® reinfurcer to get the boy
to wear glasses, but unce the Lehavivur had been shaped and maintained for a
period of time, the natural reinfurcers which fullow fivm inipresed vision could
take uver. Tho real issue is whether the teacher prepares the student for the natual
teinfurcers which are tu repiuce the woutrived reinfureers used in teaching. The
behaviour which is cxpedited in the teaching process would be uscless it it weie not
to be effective in the world at large in the abscuce of instractional cuntingendies.

Anuther vbjection to effective prugrammed instrnction is that it dues not teach
certain irnportant activitics. When required to kearn unprograminal miaterial fur an
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unpeding examination the studont leatns how to study, how to clear up puzzling
matters, huw to work under puzzloment, and so on. These may be as impurtant as
the subject matter itsdf. The same argumnt could have been raired with respect
to a modirn expunimental analysis of lostuing when contrasted with early studies
of that process. Almust all carly investigators of luarning constructed what we siow
call tarmmnal contingondos of 1uinforcement to which an organism was immcdiately
subjicted. Thus, a rat was put into a maze, & cat was put into a puzzle box, and so
un. The utganism pusstsed Little if any buliaviour appropriate to such 2 “problom’,
but sumie respunses wore ronforeed, and vver a puriod of time an aceptable
taminal paformance maight be readied. The procedure was called “trial and error.’
A programme of contingo s of ranforaement would have brought the organism
to the same tarminal pofonmance much morc rapidly and effidiently and without
trial and crror, Lut in doing su it could have been said to duprive the organism of
the uppurtunity to liarn huw o try, how to caplore -indeed, how to solve
problems,

The cduvator who assigns matenal to be studicd for an imponding test presents
the studvut with an vppurtunity to laru w cxamine the material in a special way
whidi fadilitates reall, to work industrivusly at sumething wlich is not wurrently
rainforang, and so on. It iy true that a programme designed sirply to impart
huowledge of a subjoct matter does not du any of this. It dus not because it is not
designed to do so. Programiming undortakes to reach one goal at a time.  Efficient
ways of study ing and thinking arc scparate goals, A (ude parallel is offered by the
vacrent argumont in favour of the cane ur related aversive practices on the ground
that they Luild charadter, they teach & buy to take punishment and to accept
tospunsibility for Lis conduct. These are worthwhile goals, but they should not
tecssanily be taught at the same time as, say, Latin grammar or mathematics,
Rou s wggested oo rdovant furm of programming through which a child could
b taught to subruit to avarsive stunuli without alarm or panic. He pointed out
that a Laby diuppod into a cold bath will probably be frightened and cry, but that
if one bogans with water at bady tempearature and couls it une degree per day, the
baby sl cventually not be distarbed by cold water, The programme must be
carcfully followad. (In Lis cnthusiasme fur the new sdence, Rousseau exclaimed
Usta thamomter ) Similar programmes can teach a tolerance for painfus
stimali, but caning & Loy for whoics, furgetfulness, or bad spelling is an unlihely
cxamplo It oy ucasionally builds what the cighteenth century walled *bottom’
as it unly vccasionally Bininates idleness, forgctfulness, or bad spelling.

ICi- mpottant to toadh cancful bservation, eaploration, and inquiry, but they
arcnot wodl tanghit by sulanitting a studant to matenial which he must obseryve and
cxplore dffeetivedy or suffor the consequences. Butter methods are available. There
arc two ways to teach a man to looh befure leaping. Lie may be severely punished
wha L leaps without Joohing or hid may be positively reinforced (possibly *spuri-
ously %) for Juohing bofone Laping. He may learn to luok in both cases, but when
singply puani L for beaping without looking ho must discover for himself the art
of carcful ahacnvation, amd hicis not likedy to profit from the expaicnce of others.
When he is reinforcal for loohing, a suitable programime will transmit earlier
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discoveries in the art of observation, (Indidontally, the audiosisual desices men-
tivned earlier whidh undertake to attract attention dv ot teach careful vbsava-
tion. On the wvutrary, they arc much more likely to deprive the student of the
opportunity to learn such shills than Jffective programming of ubyoct maters,)

Learning how to study is anvther exnmple. When a teadier sinply tests students
on assigned material, few ever luun to study well, and many nover learn at all,
One may read for the momentary offect and forget whae vne has read almost
immediately, one obvivusly reads in s very different way for retantion, As we
have seen, many of the practices of the goud student rescmbie thuse of the program-
mer. The student canin a sense programme material as hie goes, reharsing what lie
has learned, glanding at a text vnly as necded, and so on, These practices can be
separately programmed as an important part of the student’s cducation and can
be much mure cffectively taught than by punishing the student for reading without
rewembering.

It would be pliasant to be able tu ~ey that punislung the studaat for not thinking
is also not the only way to teach thinking. Some relovant behasviours have been
analysed and can therefore bo explicitly piogrammed.  Algonthnue mcthods of
problem sulving ate easmples, Simply lading the studant through a solution in
the traditivual way is one kind of progiamming. Roquiting lim o sulve a scries
of prublims of graded difficulty is another, More ffective programmes can
wrtamly be prepared. Unfortunately, they would only cuphasize the rather
mcchanival nature of algoritlunic groblem solving, Real thinking scems to be
somcething else. It is sumetimes said to be a matter of ‘Licutistics.” But relevant
practices can be formulated as tedhiniques of sulving the proliem of sulving
problums. Once & heuristic device or practice is formulated and progremmed, it
caunut be distinguished in any important way from algonthmic problom solving.
'The will-of-the-wisp of creative thinking still leads us on.

Human behaviour often assumics novd forms, some of swhicl are valuable, The
teaching of truly creative boliaviour s, noverthedess, a contradiction in terms,
Original discovery is seldom if ever guarantead i thie dasstoom, In Polya's little
buok, How to sulve it (Polya, 1945), a few buys in a ass eventually arrive at the
formula for the diagunal of a patalldopiped. It is pussible that the tcacher did not
tedl them the fuiuula, but it is unlihely that the course they followed under his
gundance reserbled that of the vriginal discovaer. Efforts to teach creativivy have
~acrificed the teadhing of subject matter. The teacher steers a delicate course
hotweon two great fiars on the one hand that lic niay not teads aud on the other
that Le may tell the student sumcthing. Until we huow more about weative
thisking, we may need to confine vursslves to miaking sure that the stodent is an
full prssession of the contnbutions of catlivr thinkers, that he Las Leon abundantly
resnforced for carcful observation and inguiry, that he Las the intorost and industry
generated by a fortunate listory of successes.

It Lias Loen said that an educativn is what survives when a man las fingotten
all hie Lias been taught. Certamly few students could pass thair final caaminations
even a year or two after leaving sthool or the unersity. What Las boon feained of
permauent value must therefore not be the facts and prindiples covered by
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aaannations but cortain other kinds of behaviour often ascrived to special
abilities.  Far frum noglocting these hinds of bLehaviour, carcful programming
reveals the need to teadh tham as explicit educational objuectives. Fur example,
two programmes propaiad with the help of the Cominittee on Prugrammed
Tustruction at Harvard & progiamane in orystallugraphy wonstructed by Bruce
Chalimers and Janies G. Holland and a programme in neurvanatomy by Murray
and Richard Sidman  both roveal the impurtance of spedial skills in three-dunen-
sismal thinking. As mcasurad by available tests, these skills vary cnormously cven
among scicitists who presuniably make special use of thomn, They can be taught
with scparate progiammes or as part of uystallogiaphy or ncuroanatomy when
specifically recugnized as 1cdevant shills. It is pussible that education will cven-
tually concentrate on thuse fornis of bihaviour which ‘survive when all one has
lerined has been forgotten.”

The argument that «ffctive toa hing is inimical to thinking, whether creative
ar not, raises a final puint. We fear effctive teaching, as we fear all cffective
mcans of changing human behavieur, T iwer not unly corrunts, it frightens;
and absolute puwer frightens absolutely. We take another -a.d very long—
louk at educativnal pulicy when we wonceive of teaching which really works.
It has been said that teaching madchines and programmed instruction will niean
reginientation (it is sonictimes added that regimentation is the goal of those who
propose such mcthods), but in principle nothing could be mure regimented than
cdacation as it now stands. Schoul and state authurities draw up syllabuses speei-
fying what -tudintsarc tolcarn ycarby year. Cniversities insist upon ‘requireinents’
which are prcsumably to bo mict by all stadents apply ing for admission. <xamina-
tions are ‘standard.” Certificates, diplumas, and honours testify to the cumpletion
of spudified work, We do wat worry about all this because we hnow that students
never learn what thiey are 1oquired to learn, but sume other safeguard must be
found when cducation is effective,

It could wdll be that an dffcctive tedmology of teaching will be unwisely used,
It conld destroy imitiative and Gativity, it couid make men all alike (and not,
necessarily in bang cqually cacdlont), it could cuppress the beneficial effect of
accidents upon the do lopment of the individual and upon the evolution of a
culture. On the other haud, it could masimize the genetic endowment of each
student. it could make Lim as skilful, competent, and informed as possible, it
could build the greateat diversity of interests, it could lead him to make the
greatest po-sible contribution to the survival and development of his culture,
Which of the se futurcs lios b fore us will not be determined by the mere availability
of flective instruction. The use to whidia tedinolugy of teaching is to be put will
dcpend upon othcr mattars. We cannot avoid the dedisions which now face us by
putting a “top to the scivntific study of human bebaviour or by refusing to make
use of the tedhnology which inevitably flows frum such a science.

The expaimental analysis of bchaviour is a vigurous young science which wall
incvitably find practical applications. Linpurtant extensions have already been
male in such ficlds as psy chupharmacology and payhotiacrapy. Its bearing on
cconomins, government, law, ard Cvon religion are beginaing tu attract attention,
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It is thus concerned with guverument in the broadest pussible scnse. In the
government of the future the techniques we assudiate with education are most
likely to prevail. That is why it is so important that this young scicnce has Legun
by taking its most effective technological step in the develupment of a technuloyy
of teaching.

Preparation of this lecture hus been suppurted by Grant K6 MH-21,775-01 of
the National Institute of Mer.tal Health of the U.S. Publhic Health Scrvice, and by
the Human Ecology Fund.
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TREATMENT OF NONREADING IN A CULTURALLY
DEPRIVED JUVENILE DELINQUENT: AN
APPLICATION OF REINFORCEMENT PRINCIPLES

ARTHUR W. STAATS

WILLIAM H. BUTTERFIELD

A 14-year-old, Mexican-American delinquent boy, who had a long history of
school failure and misbchavior and sccond-grade reading achievement, was
given 40 hours of reading training which extended over a 4% month period.
Science Research Associates reading materials were adapted for use tn con-
junction with a token system of reinforcement. During the training, S's atten-
tion and participation werc maintuined in good strength by the ranforcers,
he made many reading responses and loarned and retained 430 new words,
his reading achictement increased to the 4.3-grade level, he passed all his
courses for the first time, and his misbchaviors in school decreased to zero.

Staats (1964c, Staats & Staats, 1963) has previously discussed behavior
problems and their treatment in tams of learning principles. In dung so it

Staats” address. Department of Educational Psychology, University of Wis-
consin, Madison.

* The present methods of reading training were formulated, and the present
paper written, by the first author as part of a long-term project applying learning
principles and procedures to the experimental study of language-learning and
reading. The methods were applied by the second author in his position as an
officer of the Maricopa County Juvenile Probation Department. The second author
also collected and tabulated the data and aided in its graphic presentation. Ap-
preciation is expressed to Chief Probation Officer John H. Walker for lending
cooperation in the conduct of the study. In addition, Mary J. Butterfield made
important contributions in the preparation of the reading matcrials used m the
study, Brenda Shiclds typed the materials, and Janet Munir typed the present
manuscript.
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was indicated that problem behavjors can arise in part (1) because behas-
for that is necessary for adjustment in our suiicty 15 abseut from the indinid-
ual’s repertoire, (2) because behaviors constdered undesirable by the society
are present in the individual’s repertoire, or (3) because the individual’s mo-
tivational (reinforcement) system was inappropriate in some respect.

Although a complete account is not relevant here, several points perti-
nent to the above conceptions will be made in introducing the present study.
The notion that many behavior problems consist of deficits in behavior is
important in the study of child development. Behaviorally speaking, a child is
considered to be a problem when he does not acquire behaviors as other
children do. It is conceivable that a deficit in behavior could arise because
the child simply cannot acquire the behavior involved, even though the con-
ditions of learning have been entirely adequate.

It would be expected, however, that behavioral deficits would also arise
in cases where the conditions of learning have been defective. Learning con-
ditions can be defective in different ways. For example, the child may never
have received training in the behavior he must later exhibit. Or the traming
may be poor, even though the “trainers,” parents or teachers, and so on,
have the best intentions.

In addition, how ever, a child may be exposed to learning conditions that
are appropriate for most children but, due to the particular child’s past lus-
tory of lcarning, are not appropriate for him. It is especially in these cases
that people are most likely to conclude erroneously that since cther children
learn in the same circumstances, the child’s deficit must be because of
some personal defect. For example, in cases where the training is long term,
adequate reinforcement must be available to maintain the attentional and
work behaviors necessary for learning. As Staats has indicated (1964c, Staats
& Staats, 1963, Staats, Staats, Schutz, & Wolf, 1962), the reinforcers pre-
sent in the traditional schoolrovm are inadequate for many children. Their
attentional behaviors are not maintained, and they do not learn. Thus,
a deficit in an individual’s behavioral repertoire may arise although he has
been presented with the “same” training circumstances from which other
children profit. Learning does not take place because the child’s previous
experience has not provided, in this example, the necessary reinforcer (mo-
tivational) system to maintain good “learning” behaviors. It would seer that
in such a circumstance the assumption that the child has a personal defect
would be unwarranted and incffective.

Tlowever, after a few years of school attendance where the conditions of
learning are not appropriate for the child, ke will not have acquired the be-
havioral repertoires acquired by more fortunate members of the class—whose
previous experiences have established an adequate motivational system.
Then, lack of skilled behavior is likelv to be treated aversively. That is,
in the present case, the child with a reading deficit {or other evidence of un-
derachies ement) is likely to be giled at and teased when he is still young
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and ignored, avoided, and luuked duwn upon when he is older. Although
the individuals doing this may nut mtend to be aversive, such actions consti-
tute the presentation of aversive stimuli. Furthermore, this presentation of
aversive stimuli by other “successful” children, and perhaps by a teacher,
would be expected to result in further learning, but learning of an unde-
sirable nature. These successful children, teachers, academic materials, and
the total school situation can in this way become lecarned ncgative rein-
forcers, which may be translated (see Staats, 1964b) to say the child ac-
yuires negative attitudes toward school.

At this point, the child is likely to begin to “escape” the school situa-
tion in various ways (daydreaming, pour attendance, and so on) and to be-
have aversively in turn to the schoul and its inhabitants (vandalism, fighting,
baiting teachers and students, and the like). Thus, a deficit in behavior, re-
sulting from an inappropriate motivational system, can lead to the fur-
ther development of inappropriate remnforcers and inappropriate bchaviors.

The foregoing is by no means intended as a complete analysis of de-
linquency, dropouts, and the like. However, it does indicate some of the
problems of learning that may occur in school. In addition, it dves suggest
that an analysis in terms of laboratury-established learning priuciples, when
applied to problems such as in classioom learning of the wbove type, can
yield new rescarch and applied hypotheses. It was with this general strategy
that the study of reading acquisition employing learuing prinuples and rein-
forcement provedures were commenced (Staats, 1964a, Staats et al., 1962,
Staats, Finley, Minke, & Wolf, 1964a, Staats, Minke, Finley, Wolf, & Bruoks,
1964b). The present study is a 1eplication and an extension of these vari-
ous findiugs tu the develupment of a program for trainng nonreaders to read.
Tke prograir, which adupts standard reading niaterials, is based upon the
principle of the reinfurcer system employed in the previvus studies with
the younger children, thus testing the principles of reinfurcement in the con-
text of remedial reading training, as well us the feasibulity of using the type
of reinforcement system with a new type of S. As such, the study has implica-
tions for the study of nunreading childien of pre-adulescent, adulescent, and
young adult ages. In the present case, S was also a culturally deprived de-
linquent child—and the study thus involves additivnal information and im-
plications for the special problems assuciated with education m this popula-

tion of children.
METHODS

Subject

The S was a 11-ycar-and 3-month-old boy of Mexican-American ances-
try. He was the fifth child in a family of 11 clildien and the mother and fa-
ther. The parental techuiques for controlling their cluldren’s behavior con-
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sisted of physical and verbal abuse. Both parents described their own clnld-
hood conditions as primitive. The father was taken out of school after com-
pleting the §fth grade to help with his father’s work. Each of S's four older
brothers had been referred to the juvenile court for misbehavior. The par-
ents appeared to be at loss as to how to provide effective control for famuly
members,

The S had a history of various miscreant behaviors, having been referred
to the juvenile department nine times for such things as running away, bur-
glary, incorrigibility, and truancy. During the course of the Study S was again
referred on a complaint (with three other boys) of malicious mischief for
shooting light bulbs and windows in a school building with a BB gun. He as-
sociated with a group of boys who had been in marked difficulty with
the law. The S smoked, and on occasion he drank excessively.

The study commenced when S was residing with his family. However,
after the complaint on malicious mischief S was sent to a juvenile detention
home During his stay there he was allowed to attend school in the daytime.
The study was finally concluded when S was committed to an industrial
school for juvenile-delinquent boys. This occurred because S baited the at-
tendants at the detention home and caused disturbances which, although not
serious, were very unpleasant and disruptive.

On the Wechsler Bellevue Form I, given when S was 13-10, he received
Verbal and Performance 1Q's of 77 and 106, respectively, for a Full Scale
IQ of 90 The examiner concluded that § was probably within the normal
range for this test. On the basis of this test and HTP Projective Drawings,
§ was characterized as having a poor attention span and poorly integrated
thought processes and as lacking intellectual ambitiousness. He was also
described as seeking satisfaction in fantasy and as having good conventional
judgment.

The S had continually received failing grades in all subjects in school.
He was described as having “been incorrigible since he came here in the
second grade He has no respect for teachers, steals and lies habitually and
uses extremely foul language.” The S had been promoted throughout his
school career simply to move him on or to “get rid of him.” He was disliked
by the teachers and administrators in grade school because of his trouble-
some behavior and was described by the principal as mentally retarded even
thongh one of the tests taken there indicated a score within the normal range.
Another test taken there gave him an IQ of 75. During the study S was
attending a local high school and taking classes for low-le .1 students.

Reinforcer System

In previous studies (Staats, in press, Staats et al., 1964a; 1964b), a
reinforcer system was demonstrated that was capable of mamtaining atten-
tion and work behaviors for long-term experimental studies. This system
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worked well with preschoul children of ages 2 to 6 and with educable and
trainable retardates of ages 8 to 11. The principle of the system was based
upon token reinforcers. The tokens were presented contingent upon correct
responses and could be exchanged for items the child could keep. In the
previous studies toys of various values could be obtained when a sufficient
number of tokens had been accrued in visible containers.

This system was adapted for use with the adolescent S of the present
study. In the adaptation there were three types of token, distinguished by
cvlor. The tokens were of different value in terms of the items for which the
tokens could be exchanged. A blue token was valued at 1/, of one cent. A
white token was valued at % of a cent. A red token was worth % of a cent.

The child’s acquisition of tokens was plotted so that visual evidence of
the reinforcers was available. The tokens could be used to purchase a variety
of items. These items, chosen by the subject, could range in value from pen-
nies to whatever the subject wished to work for. Records were kept of the
tokens eamed by S and of the manner in which the tokens were used.

Reading Materials

The reading matcrial used was taken from the Science Research As-
sociates (SRA) reading-hit materials. The SRA kits consist of stories de-
veloped for and grouped into grade levels. Each story includes a series of
questions which can be used to assess the reader’s comprehiension of the
story. The reading training program was adupted from the SRA materials as
follows:

Vocabulary words.—A running list was made of the new words that
appeared in the scries of sturies. The list finally induded eachi different word
that appeuared in the stories that were presented. From tlus list, the new vo-
cabulary for each story was selected, and each word was typed on a separate
3 X 5 card. .

Oral recading matcrials.—Each paragraph in the SRA storics was typed
ona S X 8 card. Each story could thus be presented to S paragraph by par
agraph.

Silent-reading and comprehensive-question  materials.—Each SRA
story, with its comprehensive questions, was typed on an 8% x 13 sheet
of white paper.

Procedure

Vocabulary presentation.—The procedure for each story in the series
cumumenced with the presentation of thie new woids introduced in that story.
The words were presented mdividually on the catds, and S was asked to pro-
nounce them. A correct response to a word-stimulus card was reinforced
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with a midvalue token. After a correct response to a word, the card was
dropped from the group of cards yet to be presented. The S was instructed
to indicate words that ke did not know the meaning of, and this information
was provided in such cases.

When an incorrect response to a word stimulus occurred, or when S
gave no response, L gave the correct response. The S then repeated the
word while looking at the stimulus word. However, the word card involved
was returned to the group of cards still to be presented. A card was not
dropped from the group until it wus read correctly without prompting. After
an error on a word stimulus, only a low-value token was given en the next
trial when the word was read correctly without prompting. The vocabu-
lary presentation phase of the training was continued until each word was
read correctly without prompting.

Oral reading—Upon completion of the vocabulary materials, each
paragraph was it lividually presented to S in the order in which the para-
graph occurred in the story. When correct reading responses were made to
each in the paragraph, a high-value token was given upon completion
of the paragraph. When a paragraph contuined errors, S was corrected, and
he repeated the word correctly while Jovking at the word. The paragraph
was put aside, and when the othier paragraphs had been completed, the
paragraph containing errors was again presented. The paragraph was re-
peated until it was done correctly in its entirety—at which time a midvalue
tuken was presented. When all paragraphs in a story had been completed
correctly, the next phase of the training was begun.

Silnt rcading and comprehensive questions—Following the oral read-
ing S was given the sheet conteining the story and questions. He was in-
structed tu read the stury silently and to answer the questions beneath the
story He was also instructed that it was importaut to read to understand the
story so that he could answer the questions.

Reinforcement was given on a variable interval schedule for attentive
Lehavior during the silent-rcading phase. That is, as long as S appropriately
scanned the material e was given a low-value reinforcer an average of
every 15 seconds. The exact time for reinforcement was determined by a
t.ble uf randum numbers varying from 1 to 30 seconds. Whenever he did any-
thing else than peruse the material, no reinforcement was given. The next
interval was then timed from the moment S returned to the silent reading,
with the stipulation that no reufurcement be given sooner than 5 seconds
after S retumed to the reading. If the interval was less than 5 seconds, a
tohen was not given until the next interval had also cccurred. Timing was
done by a continuously running stopwatch. The S was also given an extra
midvalue tohen at the end of the silently read story on thuse oceasions where
ke read without moving his lips.

Upon completion of the story, S wrote his answers to the questions
typed Lelow the story and gave his answers to E. For each correct answer,
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S received a high value token. For an answer with a spelling error, S was
reinforced with a midvalue token when he had corrected the answer. For
incorrect answers S had to reread the appropriate puragraph, correct his
answer, and he then received a midvalue token. '

Vocabulary review.—Some of the vocabulary words presented to S in
the first phase of training were words he already could read. Many others,
however, were words that the procedure was set up to teach. The oral-
reading-phase performance indicated the level of S’s retention of the words
he had leamed—and also provided further training trials on the words not
already learned. A further assessment of S's retention of the words that he
did not know in the vocabulary training was made after each 20 stories of
the SRA materials had been read. This test of individually presented words,
for each story, was started about 3 days after completion of the 20 stories
and constituted fairly leng-term retention.

This test was also used as a review for S, and further training on the
words was given. This was first done by reinforcing S with a low-value token
for every word he read correctly. However, S's attention was not well main-
tained by this reinforcement, and the procedure was clianged to provide a
midvalue token for correctly read words. When S could not read a word, or
missed one, he was prompted and had to correctly repeat the name of the
word while looking at the word. This word card was then put aside and
presented later, at which time S was reinfurced with a low-value tolen if he
read it correctly. If not, the procedure was repeated until a correct un-
prompted trial occurred.

Achiccement tests.—Prior to the commencement of the training, S was
tested to assess his reading perfurmance, and during the period of experi-
mental training he was given two additivnal reading-acliiey cment tests. The
first one given was the Develupmental Reading Test. (At this time the S’s
vision and hearing werc also tested and found to be normal.) After 45 train-
ing sessivns another reading test was given S, this time the Cahforma Read-
ing Test, Form BB, for grades 1, 2, 3, and L-4. Twenty-five sessions later,
just befure the termination of the study, S was given the California Reading
Test, Form BB, for grades 4, 5, and 6. The S's performance on the three
reading tests constituted one of the measures of his progress. The tests were
given at the Arizona State University Reading Center.

Training sessions.—The training sessions would ordinarily last for 1
hour or less, although a few sessions were as short as 30 minutes or as long
as 2 hours. Not all of this time was spent in reading, however. A good deal
of time was spent in arranging the materials, recording S’s performance,
keeping count of the reinforcers, plotting the reinforcers accrued, and so on.
The time spent actually reading was tabulated. During the 4%-month
experimental period, 70 training sessiuns weie conducted, with an av erage
of about 35 minutes spent per session for a total of 40 hours of reading
training.
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RESULTS AND CONCLUSIONS

During the period of training S made many reading responses. Figure
1 shows the number of single-word reading respouses S made as a function
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EXPERIMENTAL TRAINING IN HOURS

Fic 1 —Number of siugle-word reading responses as a function of the time
in experimental reading training,

of the hours of time spent in training. An estimate of the number of single-
word reading responses was obtained frum tabulating each presentation of
a word card, the number of words in the stories, and the reading-compre-
hension questions at the end of each story, as well as the words presented to
S in the later single word retention test. Actually, the number of words in the
stories was an estimate obtained fiom the mean number of words in two out
of each five storics. Thus, rather than giving the true absolute number of
reading responses made, the figure gives an estimate. However, the most
important asp cet of the figure is to indicate the rate of this single-word read-
ing respanse measure as a function of time in experimental training. As can
be seen, as the training progressed S covered the reading material at a
slightly more _apid rate, as is shown by the slight positive acceleration in
the curve The importance of this result is to indicate that the child’s be-
havior of attending to the task and makinig the appropriate reading re-
sponses did not diminish throughout the period of training. Thus, the re-
inforcement systeni empluyed was capable of maintainmg the behavior for a
long period of tinic. During this time the attentiondl and cooperative be-
haviots instigated resulted in many, many, learning trials—a sine qua non
for the acquisition of achievement in any skill.




Before reading each story S was presented with individual cards for all
the words included in that story which had not been presented m a previous
story. When these words were presented, S would read a certain proportion
correctly on first presentation, the other words being missed on the first
presentativn. The unes missed were considered to be new words for S, words
that he had not previously lcarned. These words were separately tabulated.
The cumulative number of these new words as a function of every 5 SRA
stories read is shown by the top curve of Figure 2. (The data for the first 10
stories are not presented since they were not available for all three curves.)
As this curve indicates, 761 new words were presented to S during the
training,

Thus, S missed 761 words when they were first presented to him. How-
ever, he was given training trials on these words, and then he then read
them again in the oral rcading of the paragraph. The number of these words
that he missed in this oral-reading phase is plotted in the bottom curve of
Figure 2. This curve then indicates th. ..umber of errors made on the second
reading test of the words that had been previously leamned. Thus, only 176
words out of the 761 (about 23 per cent) were missed it the oral-reading
phase—showing retention for 583 words. The results indicate that the cri-
terion of one correct unprompted reading trial in the original vocabulary-
learning phuwse produced considerable learnng when the words weic read in
context.

The middle curve in Figure 2 invoh es a measure of long-tenn retention
of the words that had been leamned. This measuie was obtained by testing
S on the words, presented singly, that had been learned in the preceding 20
stories. This test was given 10 to 15 days after the traming occurred. The
training thus incuded the previous single-word presentations of the words,
as well as those same words read orally and silently. In addition, however,
S hiad also learned a considerable number of other words by the tune of tlus
test. As the middle curve shows, when tested 10-15 days later, S read 430
of the 761 words correctly, or, com erscly, 331 words (about 43 per cent)
were missed. Thus, the procedures produced retention when the words
were later presented out of cuntext after o considerable inten ening perntod.

The results appearing in Figure 2 indicate that the child covered a con-
siderable amount of reading matcrial, that he learned to read a number of
new words when presented individually or in conteat, and that he retamed
a good proportiun of what he had learued. The 1esults abo idicate that the
child improved during the training in Lis reteution. That is, lus rate of get-
ting new words in the first-presentation phase continues at a high rate
throughout the study. (This supports the results shown in Fig. 1 indicating
that the child’s behavior did not weaken during the training.) However, hus
“rate” of missing the new words on the second and third presentations de-
creased, that is, he retained muore of the words hie had learned. Thus, tabu-
lation indicated that for the first 35 stories only about 33 per cent of the
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words leamed were retamed 10-15 days later, whereas S's subsequent re-
tention increased to about 53 per cent. It should be noted that this improve
ment occurred even though the difficulty of the wurds (as shown in Fig. 2

300
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Fic. 2—Number of words missed on first, secor °. and third presentations
for the 150 SRA stories.

by the numbers in parentheses) became progre.sively greater during the
training, moving frum the 1.2 grade level of difficulty to the 2.6-grade level.

These results receive support froin the data presented in Figure 3. As
already indicated, on the first presentation of the vocabulary of a story, some
words were missed out of the total presented—and S was then presented
with training on these wo.ds. Figure 3 shows the number of the words
presented and missed in rativ to the total number presented, as this ratio is
related tu the number and difficulty of the stunes presented. A snialler rativ
mdicates that S missed fewer of the total vocabulary words when they were
presented for the first time. As can be seen in Figure 3, as the child read
more stories in his uaining (even though they become more difficult), he
missed {ewer and fewer words that were presented to him. It should be
stressed that he was thus improving in the.extent to which he correctly re-
sponded to new words on prst presentation. This .mprovement appeared to
be correlated with other observations that indicated that § was also begin-
ning to learn to sound out words as a function of the training. For example,
he remaiked when in the judge’s office that he thought a sign said “infornia-
tion,” because he could read the “in” and the “for” and the “mation.” In ad-
ditiun, S reported  numiber of tunes that the training was Lelping him in
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Fic. 3.—Ratio of words presented to those missed on first presentation for
the 150 SRA stories.

school, that reading was getting easier for him in school, that he liked the
reading training better as he went along, and so on. It would be expected
(as will be supported by zther cata) that as the reading training improved
his reading in schoul, the things hie learned in sthuol would also impruve his
performance in the reading training. It is this effect that may also be re-
flected in his increasing ability to read the new words presented to him.

In addition to this direct evidence of the child’s progress in reading
training, and the fureguing indirect evidence that the reading training was
having general effects upon the child’s behavior, the study was formulated
to obtain other sources of information conceming the child’s progress. One
means of duing this was to give the child readmg-achievement tests Lefore
Legit.ing the reading training as well as during the training. The results of
these tests are shown in Figure 4. The first point on the curve is a measure-
ment obtained by use of the Developmental Reading Test giving a total
score of reading achievement showing that S was perfurming at the grade-
2 level. After 45 reading-traiing sessions, S's performance on the Calfomia
Reading Test showed a gain to the 3.8-grade level. By the end of the trair-
ing, after 25 more training sessions, S had advanced to the 4.3-grade leve!
on the California Reading Test.

Another indication of the general effect of the reading training came
fium the child’s performance in school, both in school achuievement and de-
portment. The period of reading training coinuded with a schoul term. The
boy reccived passing grades in all subjects. A C in physical education, a D
in gencral shop, a D in English, and a D in mathematics. It should be em-
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Fic. 4 —Reading-achievement test scores as a function of 8% years of school
training and 4% months of experimental training.

phasized that these grades represent the fitst courses that this child had ever
passed, and thus his finest academic performance.

Furthermore, S began to behave better while in school. The boy had al-
ways been a behavior problem in school, and this continued into the periud
during which S received reading training. As Figure 5 shows, during the
first month of the training S cumniitted 10 misbehaviors that resulted in the
receipt of demerits. The behaviors were as follows. disturbance in class
(2 times), disobedience in class (five times), loitering (2 times), and
tardiness. In the secund month he was given demerits for scuffling on the
school grounds and also for creating a disturbance. In the third month he
was given demerits for cutting a math class and for profantiy in class. As the
figure shows, however, no misbehaviors occured in the fourth month or in
the half month after this until the conclusion of the school term.

The S requested that the tokens be exchanged fcr items that he wanted
in sessions 12, 17, 25, 31, 35, 43, 49, 55, and in the last session he was given
the value of the remaining tokens in cash. Items included were a pair of
“beatle” shoes, hair pomade, a phonograph record, an ice cream sundae, a
ticket to a schoc! function, money for his brother who was going to reform
school, and so on. Further information regarding the reinforcement system
is given in Figure 6. The vertical axis of the graph represents the ratio of the
number of tokens obtained by S relative to the number of single-word read-
ing responses which he emitted. Lesser ratios thus indicate more reading
responses per reinforcer. This ratio was plutted as a function of the progress
S made in the training program, as given by the number of SRA stories he
had completed As tlic training progressed S gradually made an increasingly
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Fic. 5 —Number of official misbehaviors in school as a function of time in
the experimental training.

greater number of reading responses per reinforcer. This effect was not ac-
complished by changing the rules by which the reinforcers were admin-
istered. The effect, which was planned in the training program, resulted
from the fact that the SRA stories became longer as the grade level was
raised. Since, for example, paragraph reading was reinforced by the para-
graph, the longer the paragrapli, the greater the number of reading re-
sponses that had to be emitted before reinforcement was obtained. At the
end of training, thus, § was getting about half as much reinforcement per
response as at the beginning of training. It should also be indicated that
the stories were more difficult as the training progressed, so the effort in-
volved in reading was increasing—although reinforcement for the reading
was decreasing,

During the 4% months of training, which involved 40 hours of reading
training and the emission of an est'mated 64,307 single-word reading re-
sponses, S received $20.31.

DISCUSSION

In this section the various aspects of the reading-training procedures
will first be discussed. Tl the implications of the results and analysis will

o
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bLe outlined both for further studies of remedial reading training as well as
for a leaming conception of certain aspects of cultural deprivation and de-
linquency.

The method of reading training used in the present study was derived
from previous study (Staats, 1964a, 1n press, Staats et al., 1962) with pre-
school children in whick words were first presented singly, then mn sentences,
and finally in short stories. The present study indicated that SRA materials
can be adapted for a similar type of presentation in conjunction with the
type of reinforcer system previously developed (Staats et al., 1964a;
1964b). From the SRA materials it was possible to present single-word
training trials and oral-reading training and to develop a silent-reading
training procedure, all involving reinforcement.

V'hen the training of reading, at least in part, is considered as operant
discrimination learning, the leaming task consists of having S emit the
correct speech response while looking at the verbal stimulus—this process
being followed by reinforcement. This basic procedure was elaborated in
the present study to include two levels of reinforcement. An unprompted
reading response on the fi.st trial was reinforced more heavily than one that
had been previously missed. This procedure appeared to produce learning
that was retained very well when the child later read the words orally in a
paragraph, with considerable retention also occurring when the child was
tested on the individual words 10-15 days later.

It may seem ineongruous at first to attempt to reinforee silent reading,
since this behavior is not observable. However, it shuuld be remembered
that the subject actually has two types of behavior in the silent-reading act.
He looks at the verbal stimuli—that is, attends—and he makes “reading”
verbal responses to the verbal stimuli. While the reading responses cannot
be monitored when they are eovert, the attending behavior can be. Of
course, there is a danger involved iu einforcing the behavior of just looking
at something. Perhaps the child will do nothing else. If he is heavily rein-
forced for sitting and looking at a page, and the actual reading responses
are effortful, he may not emit the reading responses. The present procedure
was set up to eliminate this possibility by using a double contingency. The
child was reinforced for simple attention, but the reinforcement was low in
value. The opportunity for a greater amount of ..inforcement came during *
the answering of the questions. Thus, although simple attention was rein-
forced lightly, attention and reading responses were reinforced much more
heavily. In this way it was possible to use reinforcement iv a procedure de-
signed to maintain reading for “understanding,” in addition to sumple “word-
naming.” (These results could be generalized to other types of learning.)
Furthermore, this procedure provided an opportunity to tramn the subject to
read silently Although he had a tendency to make vocal or Iip 1esponses
while reading. it was pussible to strengthen reading without these other re-
sponses through differentially rcinforcing the correct silent reading.
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Thus, it may be concluded that the reading program increased the
child’s reading vocabulary s shown by the various measures of retention used
in the study, the tests of seading achiesement, as well as the child’s mmproved
schoal performance and his verbal description of improsved attitude toward
and performance in reading in scliovl. There were also suggestions that the
child was acquiring a “unit-reading repertoire,” that is, the general ability to
sonnd out words through making the correct response to single letters and
syllables Thus, for example, the child made errors on fewer and fewer of the
new words presented as the training progressed, even though the words
were of greater difficulty. In addition, he retained a greater proportion of the
words he learned as he went on. Further research of the present type must
be conducted to test the possibilities for using a more phonic system of re-
medial reading training with the present type of subject.

A final point should be made concerning the training procedures used
in the present study. The procedures are very specific and relatively simple.
Thus, it was not necessary to have a person highly trained in education to
administer the training. In the present case the trainer-experimenter was a
probation officer. It might also be suggested that anyone with a high-school
education and the ability to rcad could Liave administered the traimng. This
has implications for the practical application of the present methods, since
one of the questions that ariscs in this context concerns the economy of the
procedures. Although the procedures as Jescribed involved a one-tramer-
to-one-student ratio, as many remedial teaching procedures do, in the pres-
ent case the simplicity of the procedures suggests the possibility that savings
may be effected because the trainer need not be so highly trained. Thus,
the procedures could be widely applied or adapted by various professionals,
for example, social workers, prison offiials, remedial teachers, tutors, and so
on Inan even more economical application, helpers of professionals could
be used to actually administer the procedures, for example, selected de-
linquents (or prisoners) could administer the procedures to other delin-
quents. Thus, the procedures could be utilized in various situations, such as
settiement housers, homes for juvenile delinquents, prisun training programs,
parts of adult education, and so on. All that is needed is a switable system of
reinforcers to back up the tokens. These conclusions are supported by
another study by A. W. Staats now being prepared for publication m winch
analogous methods developed for work with preschool children were ap-
plied by a graduate student who was untrained in teaching; the results sug-
gest possibilities for economic innovations in education generally.

In the same context, it may be worthwhile pointing out that the results
indicated that the child advanced as many ycurs in reading achievement, as
measurcd by the tests. during the experimental training as he had in his
previous school history. A comparison of the relative costs—in the present
cave, about 70 hours of time of a person not necessarily tramed in teaching
aud 52031 for the reinforcers versus 8% years of trained teachers timie,
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albeit in a group situation—suggests that the procedure introduced in the
present study may nut be unecunumial, even without improvements in the
methud. And, as will be further descnbed, the child’s failure in school may
in many cases be considered as a contnbuter to the child’s delinquency—
which also carries a high cost to society. The present results, in suggesting
that the training procedures may alsv effect general improvements in be-
haviur, induding musbehaviors in school, thus have further implications con-
ceraing the economy of the procedures.

The present study, among other things, tests the feasibility of using the
type of reinforcing system, previously applied successfully to younger chil-
dren, to the study of learning in older children—in this case a 14-year-old
juvenile delinquent. The reinforcer system worked very well with the pros-
ent S, mamntaining his attention and working behaviors in good strength for
a long period of time. And there was every reason to expect that the study
could have been continued for a much longer period, probably as long as it |
would have taken to train the child to read normally.

It should be noted that although the amount of reinforcement given
decreases duniug the trainng, as shown in Figure 6, the reading behavior is
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RATIO OF REINFORCERS TO READING RESPONSES
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HUMBER OF S R A. STORIES ;

Fic. 6.—~Ratio of the number of tokens received divided by the number of
reading responses made as a function of the number of SRA stories read.

maintained in good strength throughout the study, as shown in Figures 1
and 2, thus, less and less reinforcement is needed to maintain the behavio
even though the material increases in difficulty. As already described, this
occurred because a progressively greater number of reading responses was
necessary per remnforeer. This is analogous to gradually raming the ratio of
responses to the remnforcers as wnsndcrcd in terms of ratw schedules of re-
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inforcement. Staats has suggested that this type of gradual increase must
oceur to produce good work behaviors in humans (Staats & Staats, 1963).

This result in the present study is in part an answer to the question
whether the use of extrinsic renforcers in training will produce a child who
is dependent upon these reinforcers. It is not possible to discuss this topic
fully now. However, it may be said that the extrinsic reinforcement can be
gradually decreased until, as was happening with the present child, reading
becomes reinforcing itself, or other sources of reinforcement maintain the
behavior.

A word should be said concerning the relevance of reinforcement vari-
ables in the treatment of nonlearning in culturally deprived children. Typi-
cally, as in the present case, such children do not, as a result of their home
experiences, acquire “remnforcer systems” appropriate for mantaining learn-
ing in the traditional classroom. Rosen (1956) has shown that, in the present
terminolugy, lower-class children do not have experiences that make school
achievement and learning itself positively reinforcing. This deficit, among
others that affect the reinfurcer system, can be expected to lead to poor
schuol learning and other behavioral deficits. In such cases, there are in-
creased opportunities for other poor social attitudes and undesirable be-
haviors to develop, as suggested in the introduction and eaeniplified in the
present case.

The present study suggests that these conditions can be reversed
through the application of learung princaiples and rewnforcement variables
to the tush of repairing the child’s behavioial-achievement deficit. There
were indications that thus treatment resulted in improvenmient in the rein-
furcement value of {attitudes toward) school for this child and consequently
in the deurease in incidence of misbehaviors 1 school. The results thus sug-
gest that under appropriate conditivns the deficit in behavior stemming from
the child’s inadequate reinforcing system may be, =t least in part, repaired by
a properly administered, effective reinforcement system, resulting in a de-
crease in undesirable behaviors.

A comment should be made about the possibility of a Hawthorne ef-
fect, that is, that the social reinforcement by the E and possible eatraexperi-
mental reinforcement contributed to the results in the present study. It
would be expected that such reinforcers could contribute to the overall ef-
fect—and in the present case the expenditure for the material remforcers
was small. In general, it can be expected that individuals will vary in the
extent to which social reinforcers will be effective. For example, in pre-
school children social reinforcement is ineffective for long-term training
(Staats, 1964c, Staats et al,, 1962), and the same would be expected for
many individuals with beliavior problems. Oidinarily, 1t nught be expected
that the weaker other soures of reinforcement are for the individual, the
stronger must be the reinforcer system of the treatment procedure.- -

In conclusion, the present study helps support and replicate the previ-
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ous findings and extends the general procedures and principles to the study
of au adulescent duld who is culturally deprived and is also a juvenile de-
linquent. The vanvus sources of data used suggest that the present proce-
dures and prinuples are applicable to this population alsu. Based upon these
suggestions, furthier studies will be conducted on culturally deprived chil-
dren, delinquent and nundelinquent, as well as studies of other types of non-
achieving or underachieving readers.

It should also be indicated that the present study indicates the possi-
bility for developing procedures for the ubjective application and test of
laburatory-denved learning principles within the context of an actual prob-
lem of behavior. As previously indicated (Staats, 1964a), verification of
learning pninuples 1n the conteat of a problem of human behavior consti-
tutes une way to further the generality of the principles themselves. It may
thus be suggested that such studies have two types of implication. they
have mmplicatons for people interested in dealing with the problems of hu-
man behavior, as well s for those mterested in the extension and verification
of the basic science.
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PRODUCTION AND ELIMINATION OF DISRUPTIVE
CLASSROOM BEHAVIOR BY SYSTEMATICALLY
VARYING TEACHER'S BEHAVIOR!

Don R. Tromas, WESLEY C. BECKER, AND MARIANNE APMSTRONG

The ffects of teacher behasiors un the Uassivnn buhaviurs of children were investigated by
systanatially vasyiug appioving (praise, smules, wnitawts, etc) sud disapproving (verbal repri-
mands, physical sestrant, etc)) classes of teacher behavior, Measuies were taken on both
teacher and (hild behasiurs. Each day a sample of 10 childien was obsersed. The subject
pool was a tlass uf 28 well behased chuldien 1o o middle prmary pablic school class. The
results dumunstiaied that appiuving taacher 1oponses seived a pusitive renfurang function
in mausianing appivpniate dassroum behaviurs, Dissuptive hehaviurs inueased each time
approving teacher behavior was withdiawn, When the tcacher's disapproving behasiors
weie tnpled, inucases appeared most markedly in the gross motur and noisc-making cate-
gunies of disruptive behavior. Fhe findings emphasize again the smportant role of the teacher
in produung. mamntaining, and chminauing disruptive as well as prosocial classroom

E

behavior,

Teachers are suincties unaware of the ef-
feuts of thar acuons un the behavior of their
students. Many teacdhiers assume that if a
Juld performs distaptive acts in the dass-
roum then the child must have a problem ad
home, or at the very least, mnust not have
reached a stage of sufficient maturity to func
uui adeyaately in the schoul situation. How-
ever, an inurcasing budy of evidence indicates
that suany of the behiaviors which teadhers
find disruptive are actually within their ton-
ol A teacher wn modify and control the be-
havior of her students by coauolling her vwn
responses,

Cunangant ust of svual reinfurcement has
Leen shown tu control such motor bLehaviors
a> walking, stauding, and running (Bijuu and
Baer, 1963), talking and crying (Kerr, Meyer-
sun, and Michael, 1965, Hart, Allen, Buell,
Harns, and Wolf, 1964;, and Jdassruom <on-
duct (Beder, Madsen, Arnold, and Thumas,
1967, Zimuuerman and Ziminciman, 1962).

'The authors wish to thank Urbana School District
2116 and the principal of Thomas Paine School, Mr.
Richasd Sturgeon, for their cooperation. The observe
ers (Loretta Nielson, Barbara Goldberg. Marilyn Gold-
bag, and Darlene Zientarshy) deserse thanks for their
wisticntious worh, This rscarch was supposted, an
part, by Natwnal Tistr — of Cluld Health and Hu
man Dovclopment Grant 1D 00881 05 Reprints may
be obtamned from Wesley C Becicr, Burcau of Edu-
citional Rescarch, Usiversity of Tilinois, Urbana, 1.
nms 61801,

Becher et al. (1967) worked in public
schuols with teachers who had problem chil-
dren in their cdasses. Behaviors exhibited by
the siudents were observed and the fre-
guendy of ihese behaviors was estimated for
cach child. Each teacher was taught to nse
praise, smiles, etc. to reinforce good behavior.
The rate of appropriate lassroom behaviors
inacased in most cases as soon as teacher ap-
proval and recognition were made contingent
on such behavior.

The p.esent study evolved from prior re-
search shuwing the Linpurtance of sedial rein-
forcement, and Becker’s work, which suggests
that specific procedures, or definable classes
of teacher behaviors can be used by the
teacher to increase appropriate (lassroom be-
haviurs. In urder to provide more convincing
data on the role of differ.nt teacher be-
haviors, the present study was designed to
pruduce and remove problern behavior in stu-
dents by systematically varying teacher be-
haviors in an initially well-behaved class.

METHOD

Subjects

Students. A class of 28 elementary students
at the middle primary level was selected. Ac-
coring to the teacher her class was “a good
class, with an above.average distribution of
ability and no ‘bad’ kids.” Most of the chil-
dren were from upper-tiddle- and middle-

JOURNAL OF APPLIED BEHAVIOR ANALYSIS, 1968, Vol. 1, pp 35 45.
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income range fatnilies. Ages at the begiuning
of the study ranged from 6 y1, 11 months to
7 yr, 1l mouths, 1Q range (group test) was
from 99 1o 134,

Teacher The teadies, age 23, obtaiued her
student teaching experience with a class of
“maladjusted” children. In addition, she had
1 yr experience with a class of “slow learners”.
Preliminary observations indicated that she
rarely auended in an approving manner to
children who behaved inappropriately, and
rarely reprimanded childien who were per
forming their asigued tasks She voluntecied
to participate in the study becawse of its po
tential contribution to teacher training in the
future.

Observation Procedures

The basic data fur the study onsited of
the relative ficyuenny of owurraice of dasses
of child behaviors in relation to classes of
teacher behavios utilizing rating schedules to
be described One to three observers wese
placed in the dassivumn cach morning from
approximately 9.15 to 10.00 a.m. while the
students were wmpliting reading and read-
ing workbuok assiguucats. To insure obtain-
ing a daily sample of both child and teacher
behaviors during this 45 min work period, a
20 min observation time was decided on for
both child and teacher chservations. Thus,
even if only vue observer was present, the rel-
evant infotination wuld be obtained. This
time rostriction limited the number of chil
dren who could be vbsarved each day. Ten
children were selected fui observation cah
morning by drawing numbers from a hat.
During Baseline, and the first No Praise wn
dition a no replacement procedure was used
so that all chililren had to be observed before
a child’s number wuld be drawn a sccond
time At the stait of Baseline, this restriction
was removed Through the use of a num
beted seating chait, the obscivers recorded
the behaviors of selected children in the order
in which they were chosen. Five eatia num
bers were drawn each day to provide observa-
tion targets in wase vnc or moie of the first 10
subjects drawn were not available for obscrva-
tion. Target children were observed for 2 min
cach. Each minute was divided into six 10-sec
intervals Obsavers were trained 1o record
classcs of behavior which owwurred in a given
interval. Recordings were made during the

fint five intervals of each minute. During
the sixth 10 sec mterval the observers made
notes, checked for synchronization, andjor
prepared to switch to a new child. Thus, the
daly <mld observation samiple consisted of
ten 10-sec observation intervals on each of 10
children.

Teacher behaviors were recorded onr a simi-
lar schedule, the only difference being that
for teacher behaviors each occurrence of a
response an a specified class was recorded (fre-
Q¢+ ney measure), whereas for child behaviors
a given class of behavior could be rated only
once in a 10sec interval. This difference in
procedure was necessitated by the greater dif-
ficulty in separating child behaviors into dis-
crete response units. Observers used a clip-
board, stopwatch, and a recording sheet
whict had spaces for 100 observation inter.
vals, guides for computing reliability, and a
place for comments.

Undergraduate  university students  were
hired and trained to colleut the data. Each ob-
scrver memorized the definitions of classes of
child and teacher behaviors. Pre-baseline
training in rewrding of behavior was car-
ried out in the experimental dassroom to al-
low the c(hildren to bewme accustomed to
the presence of the observers. The children
were alrcady well adapted to the classroom
before observer training was started. Observ-
ers were instiucted to avoid all interactiohs
with the studeats and teacher while in the
class or on the school groutds. At the sched-
uled time they would enter the class, walk di
rectly to chairs provided for them, sit down,
and begin the observativns. A hand signal
was used to insure synchronization of observa-
tion times. Initially two obscrvers were
scheduled to observe on Mouday, Wednesday,
and Friday, and two on Tueslay and Thurs.
day. When a systematic difference developed
between the two sets of observers, one of the
Tuesday-Thursday observers was placed on a
threc-day-a-week schedule to ue the two sets
of obscrvations together  with reliability
checks Thus, on some days there were as
many as three obscrvers in the classroom. The
number ot obsciveis in the classroom varied
from onc to three. Due to illness or the nced
to obtain observations in other classroom,
therc were times when only one observer was
available. Observers were not informed of
changes in experimental conditions.
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Classes of Teacher Behaviors: The
Independent Variable

The behaviors cinitted by the cacher were
defined as belonging to three general classes:
(1) Disapproving Behavior, (2) Appruving Be-
havior, and (3) Instructivnal Behavior. Disap-
proving and Approving Behaviurs were rated
only when they immediately followed dis-
criminable child behaviors falling into inap-
propriate or appropriate classes (see below).2
Listings were inade of the teacher behaviors
that could occur within each class.

The general dass of Disapproving Behav-
ars induded Physical Coniact, Verbal, and
Fauial subclasses. The subdasses of Physical
behaviors induded furably holding a child,
grabbing, hitting, pauking, shaking, slap-
png, or pushing a child intu positiun. The
Verbal subclass of Disapproving Behaviors
induded yelling, scolding, raising voice, be-
littling, or making fun of the (hild, and
threats. Threats duded "if then™ state-
ments of loss of privilege or punishment at
sume future time. Fur example, the tcacher
might say to the class, “If you don't remain
quiet, you will have (0 stay in frum recess.”
The Facial subilass of Disapproving Benav-
iors induded frowning, grimaung, sideto-
side head shaking, gesturing, etc.

The general class of Approving Behaviurs
also included Physical Contact, Verbal, and
Facial subclasses. Approving Physical Con-
tacts induded embrading, kissing, patung,
holding hand or aun of <hild, ur hulding the
child in the teacher’s lap. Appruving Verbal
cumments ancduded statunents of affecuion,
approval, or praise. Approving Facial re-
spunse was rated wheanever the weacher smiled,
winked, or nudded at une ur more of the dul-
dren.

The general dlas. of Instructional Behavior
widuded any respunsc from teacher to chil-
dien whidh insulved giving anstructons, in-
furmation, ur uheating corredt 1espunses.

In additiun to recording the abuve classes
of weacher behavior, note was aken of those

As it turned out. approval following inappropriate
behavior urred only thice times and disapproval
fullowing appivpniate behavior did not owur. Also.
this teacher did not make non-tesponse contingent ap
proval or disapproval comments. Thus, we were deal-

ng cssentially with two tesponse contingent classes of
teacher behavior.
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times when the teacher terminated social in-
teraction by turning out lights and saying
nothing, turning her back on the class and
waiting for silence, or swopping talking and
waiting for quiet.

As nuted earlier, the observers recorded
every teacher response falling in a given class.
Thus, the measures of teacher behaviors are
frequency counts.

Child Behaviors: The Dependent Variable

The dasses of child behaviors were devel-
oped by categurization of behaviors occurring
with some frequency in the repertoire of prob-
lem children (Becker et al., 1967). It was as-
sutned that certain behaviors, because of their
winmon tupography, could be grouped to-
gether. Five (jasses of Disruptive Behavior
(Gross Motor, Nuise Making, Orienting, Ver-
balizativns, and Aggression) and one class of
Appropriate Behavior (Relevant) were de-
fined. Bchaviors not specifically defined were
rated in a separate category (Other Task).
Disruptive Behaviors were essentially behav-
iurs apparently incompatible with good class-
room learning conditions.

Included in the category of behaviors la-
beled as Gross Motor activities were. getting
out of seat, standing up, walking around, run-
ning, hopping, skipping, jumping, rocking
chair, muving chair, sitting with chair in aisle,
kneeling in chair, arm flailing, and rocking
body without moving chair.

The category of Noise Making was rated
with the stipulation that the observers must
hear the noise as well as see the nuise making
action, and induded tapping feet, dapping,
rattling papers, tearing papers, throwing
buoks or other objects onto desks, slamming
desk 1op, tapping objects on desk, kicking
desk or chair, and scooting desk or chair.

The Verbalizativn categury was rated only
when the observer couuld hear the respunse.
Lip movements alone were not rated. Carry-
ing on conversativns with other children, call-
ing out teacher’s na-ue to get her attention,
arying, screaming, siuging, whistling, laugh-
ing, ind coughing were included in the cate-
gory.

The Orienting class of behaviurs required
that the child be seated. Turning of head or
head and body toward another person, show-
ing objects to another child, and looking at
another child were rated. Looking bchaviors
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of less than fsec duration were nut rated ex
cept for any trn of more than 90 degices
from the desh When an Onienting response
overlapped twu ra ng intavals, and ould
not be rated in the first interval, because it
began too late in the interval to meet the.4-
sec criterion, it was rated in the second in-
terval.

Aggressivn was defined as hitting, pushing,
shuving, pinching, slappiug, striking with ob
jeuts, puking with ubjucts, grabbing objucts vt
work belunging to anuther, knoding negh
bor’s property off desk, destruying another's
property, throwing cbjects. No judgments of
intent were made.

Appropriate behaviors were labeled Rele
vant and were made more easily idenufiable
by restricting the observations to a period in
the motning when all of the children were
preparing reading cud workbuuk assigniucnts,
Spedific Redevaut Beliavions were louking at
the teacher wha she was speaking to the en
tire dass or to the culd being vbserved, an
sweting yuestivns uf the teacher, rasing hand
and waiting fur teacher to respond, writing
answers o workbuuk questivns, louking at
pages of text in which reading was assigned.
It was required that the enuie 10seu interval
be filled with un task beh wiur befure the Rel
evant rating was made.

When a child being observed pefonned a
respotise nut defined by une of the categuries
of Distuptive Behaviors or by Relevant Be
havior, a rating of Other Task was made. The
Other Task rating was imompatible with
Relevant, but wuld be cceurded in the same
interval as any or all of the wateguiios of Dis
ruptive Bchavior.

When raung the duldicu, the observers
were instructed o record cach dass of behav-
iurs which appeaied inan interval regardiess
of huw many vtha dases had already been
recorded in that interval. All five catcgorics
of Disraptive Bchaviors and the Other Task
category were compatible with cach other.
Relevant Behaviur was incompatible with the
other categorics. No wategury of behavie. was
rated mure than once in an aataval. If a
child was conversing with his ncighbor, and
he made twu verbal respunses in one interval,
this class of bechaviurs was recorded only
once. Thus, each hild behavior measure was
a rewid of intervals in which the respunse
oceurred, rather than a count of the number
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of discrete respunses as in the recording of
teacher’s hehavior.

The ovverall level of Distuptive Behaviors
was defined as the peicentage of mtetvals in
which one ur mure Distuptive Behaviors oc-
curred.

Reliability

Two types of reliability were calculated.
Reliability I reflects simply the dJegree to
which two vbseivers obtained the same score
for each categury of behavior during a 20-min
vbservation perivd. The smaller score is di-
vided by the larger. Reliability I most ap-
propriately applies to the data as reported in
Fig. 1, since these are averages for an observa-
twwn perind. Randuin errors tend to cancel
each other out when a score 1s based on a
series of obscrvattons and a rehabnlity mea-
sure should reflect the gain 1n accaracy ob-
tained by averaging. For training purposes,
and for greater wnfidence n the accuracy of
the observation prucedure, a second type of
reliability was abu calwilated (Reliabihiy IF).
Rehability IT required that the same behav-
iur category be recorded in the same interval
by cach obscrver to define an agreement. Re-
hability II was calculated by dividing the
number ol agreemeuts by the number of
agreements plus disagrecments.

Duaning the pre-baseline observer training,
reliability checks were required for every ob-
servativn. Befuie baseline observations were
started, consistent  rehabihines  (Type 1)
abuve 809, were required. Reliability T data
based on a weighted average of the reliabili-
ues of the child-behavior coldes are reported
in Fig. 1, as arc the average reliabilities by
conditions for teacher behaviors. Comparable
Reliabiliy I data averaged 82.69, for child
behaviors and 88.29, for teacher behaviors.
Relialual.tics for individual catcgories are well
repres.ated Dy these averages.

Sequence of Conditions

The first phase of the study (Bascling;) con
sisted of measuring both teacher and child
behaviors. No attempt was made 1o manipu
late teacher behavior.

The second phase (No Approval;) was de-
fined by the absence of Approval Behaviors.
The teacher discontinued the use of praise
statements and used only contingent Disap-
proving Bcehaviors to control the children.
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These phases were then repeated (Baseline,,
No Approval,). At the beginning of No Ap-
proval; and throughout the rest of the study,
the teacher carried a unall “supermarket”
adding machine with her to count the fre-
quency of Disapproval Behaviors so that she
could better monitor her behavior.

The fifth phase of the study, Fieguent Dis-
approval, involved inurcasing the level of
Disapproving  Behaviors to  apptoaimately
three times that given during Bascline; while
continuing to withhold Approving Behaviors,

Phase 6 returned to the lower level of Dis-
approval (No Approvaly) and Phase 7 again
returned o the baseline conditions (Buase-
“nc,).

The teacher was instructed to maintain
experimental conditions throughout the day,
not just during the observation period. Dur-
ing the periods when praise was withheld be.
ginning with No Approval;, chetks of the
daily counts of Disapproving Respunses ob-
tained by the teacher with her counter cor-
responded clusely to those which would have

been prediced by extrapolation from.the ob-
servation periods.

RESULTS

The 1elationships of greatest nterest are
the cffects of presence and absence of Ap-
proval Bchaviors on Relevant Bchaviors and
the effects of levels of Disapproval Behaviors
on Disruptive Behaviois. Because of a system-
atic rater bias which entered into the daca
for Other Task Bchavior (discussed later),
and therefore also affected Relevant Behav-
iors incompatible with Other Task, greater.
cmnphasis is given to the analys:s of Disruptive
Behaviors in presenting the results,

Auverage Level of Disruptive Behavior

In Bascline; Distuptive Behaviors ocurred
in an average of 8.7% of the intervals ob
scrved. When Approving Behaviors were dis-
wntinued {No Approvaly), Disruptive Be.
havior inucased to an average of 25.59, (Fig.
1). Approving Behaviors were again provided
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(Basehnez) and Distuptive Behavior dropped
to an average of 12.9%. In order to show
more conclusively that the changes in s
ruptive Behavior were related to the changes
i teacher bchavior, Approving Behaviors
were again discontimued (No Approvalz) and
the level of Disrupuive Behaviors stabiliced
near the same level as i No Approval; cwn-
dition (average 1949,). When the Disapproy-
g Behaviors (critical comments) were tip
led (Frequent Disapproval), while Approving
Behaviors were sull withheld, Distaptive Be-
havior mcreased to an average of 31.29, with
high points #ir above any obseived before.
The behavior stabilised, however, near the
level at whuch the two previous No Approval
phases had stabilized. When the tate of dis-
approval was lowered (No Approvaly), no
great reduction n Dusrapuve Behavior od-
curred. The average level of Dujuptive Be-
haviors over No Approvaly, Frequent Duap
proval, and No Approvaly was 25.9%,. At the
end of No Approvaly, Approval was agdin
added to the low level of Disapproving Be-
hav.ots, and Disruptive Behavior dropped to
an average of 13.2%, with the trend indicat-
ing a level far below this average?

Analysis of Classes of Behauvior

Duscontinuation of approving behaviors, In
reviewing the changes in the individual cate-
gories of behavior through the first two with-

SA conservatine statistical analysis was performed (F
test) to compare those three condions where appioval
responses were available with those two o whiqons
where approval responses were withdraw — For this
rest the Frequent Diapptoval and Mo Appraval,,
condinons were collapsed 1nto one coathtion In order

drawals of Approving Behavior, the majority
of the inacase in Disruptive Behaviors could
be attributed to changes in Verbalization and
Oricuting categories (Table 1) The mean of
Verbalization in No Approval, was 2269,
duc to one exticmely high obscrvation on the
sccond day of the condition, however, these
behaviors stabilized between 99, and 179,
(Fig. 2). Orienting showed a slight decrease
across No Approval, (Fig. 2) The second timne
Approval was discontinued, Oricnting in-
creased across the condition while Verbaliza
tion remained relatively stable except for two
high obscrvations. Gross Motor behaviors
followad the same pattern as Orienting and
Verbalization thiough No Approval (1 and
2), increasing each time Approving Behavior
was discontinued and decreasing when Ap
proviug Behaviors were present (Fig 2)

Noise Making and Aggression followed a
pattern through No Approval, and 3 which
was distinetly different from the other cate-
gories of disruptive Lehavior Both of these
categories of behavior were already occur
ring at a low frequency in the Bascline con-
dition (Table 1), but they occunied even less
often when only Disapproving Bchavior was
given.

Increase of disapproving behaviors. In the
Frequent Disapproval condition, Noise Mak-
ing, Gross Motor, and Orienting all increascd
(Table 1). Verbalizations showed a dedine
to insure independence of observations, the average
values within each condition were used, thus providing
four degrees of freedom  Siguificant differences were
found for Relevant Behavior (p < 001). Noisc Making

(p < 005), Gross Motor (p <0.025), and for the over-
all level of lussuptive Behavior (p <00

Table |
Average Percentages for Spaafic Behavior Classes for Each Experimental Phase

Behavior No No Frequent No
Clayss¢ Baseline,  Approval, Baseline, Approval, Disapproval  Approval, Baseline,
Distuptive
Bchaviots® 87 25.5 129 194 31.2 26.8 15.2
Grous Motor 27 6.7 20 48 23 10.4 2.4
Noiw 0.9 0.1 07 009 4.1 44 0.9
Ve ‘balization 46 226 7.7 9.6 79 6.0 39
Oriunting 14 65 4.1 (A 1.5 10.2 16
Aggraion 025 0.01 0.2 001 0.04 004 0.1
Other Task 7.0 104 59 107 59 42 12
Relevant 84.1 653 $3.9 72.1 64.3 69.4 856

“The addinon of percentages for she five classes of Disruptive Behaviors

will usually lead to 2 sum higher

than thac reported as percentage of Disruptive Gehaviots, since the latter docs not teflect the occurrence of
more chan one subclass of Disruptive Rehaviors in a given 10-scc interval,
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Fig 2 Analyss ol speafic behaviur dasses by cundition. Daia punts represent 2-mun samples on 10 children

each day. Sce notes under Fig. 1.

over this wndition and cuntinued o decline
through the rest of the study.

Changing from a high level of Disapprov-
ing Bchaviurs to a lower level did not mark-
cdly change the ficquency of the various cate
gories of Disruptive Behavior. relstive to their

terminal level under the Frequent Disap-
proval condition.

When Approving Behaviors were again
used by the teacher (Baseline,), the frequency
uf Gruss Motor, Noise Making, and Orienting
behaviors decreased noticeably (Fig. 2). Ver-
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balication continued tu shuw the steady de-
aeae wn frequerny whah had staited in the
Frequert Doappioval condivon In Bascline,
Aggrosson again vceurted, but rarely. All
Dustuptive  Behavivis  except  Onicuung
dropped o the level of the il Baschinie
(or below, duning the final Bascline.

Relevant behavsvr, Approptiate behavius
were intially high an the dassivum (Fig. 2).
Behuviuny suchi as gedting vut of seat to inuve
to ¢ reading group ur o chek a wpleted
workbook assiguacnt were rated an the Gross
Mutur categuiy. The requiremeans for such
behavivts, huwever, remaned  constant
through all conditons so changes in the level
of Relevant Behaviurs cariot be attnibuted
to changes in classroom requirements. Rele-
vant Behavior decreased cach ne Approving
Belaviur was discontiniuead aud inacased eads
tune the Approval was reunstawd. Relevant
Behaviur was at a shightly higher level duting
the finad Bascline than duning the uunnal
Baseline.

Other task: Behavior not specifically de-
fined. As indicared earhier, o sysienuatie rater
ditfeicnce was encountered eatly  the study
i rating Other Task belwvivis. In Fig, 2
this bias can be scen by contrasting data col
lecied on Days 2, 4, 6, 8, and 10 frum one set
of observers with that wollected on Days 1, 3,
5, 7, and 9 by anuther sct of olsavers, Whale
an attempt was made o correct this biss by
nteducking reliability dhedks, it as appatent
that the bias continued to some  extent
thruughout the study. Sue Other Task s by
defirution incumpatble with Relovant Be
haviui, Relevant Behaviur shuws the samc
bias. By lovking at Distuptive Behavior, de-
fined su as 10 exclude Other Task behaviurs,
the systematic bias was largely eliminated
from the data presented in Fig. 1.

Teacher Behaviors

The behavior of the teacher remai. Wl un
der good control throughout the study. Av-
erages by conditions for Approving and Dis-
approving Behaviors are given in the upper
partof Fig. 1. As the conditions were changed,
littde dificulty was found in withhulding
behaviuts in the Appruving categury. Sunie
difficulty was repurted by the teacher in regu
lating the frequency of Duisapptoving Behav
wors while wnlhhummg Applunng Bchaviurs.
but a partual sulutun o this problean was
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found. The teacher found that by carnying a
small handcounta (mentioned  eather) she
would mote accurately judge the fregueney of
her «ntical conuments. In the Frequent Dis
approval Phase thete were days when the hil
dien were not enutting envugh Distuptive
Behaviurs for unitical comments to be appro
praate at the progiasnmed fregquency. Rathet
thau make inappropriate comments, the rate
of Disapproving conunents was adjusted to
the frequeiy of the Dustuptive Behaviors,
When  envugh Distuptive Behaviors  were
available, Dusapptuving Behaviors were dis
pensed at o maxunun sate of one pur minute
throughout the day, thus, many of the re
sponses of the children were reprimanded
very quickly,

Genaal frequency of instructional com
it Did not change appieaably acdoss con
ditivns, However, the teacher dild increase
the frequency with which she would say in
a acutral tone whether respunses were cor
rect or incorrect in the phases where Approval
was not given.

The behaviurs characterized as Terminat.
ing Social Interaction oceurred only twice
duning the study and were, thetefore, not sub
ject to further analysis.

Substitute teachers. Obscrvatiuns taken on
the days when a substitute teaner was in
charge of the dasstourn appear in fous condi.
tivns of the study. The frequency of Distup-
tive Behaviors indeased in the presence of a
tempurary teacher as long as the regular
teacher was in esthar Baschine or No Appioy-
g Beliwvior phases. When the Disapproving
Behavior was being dispensad at a high rate,
however, the level of Distuptive Behaviws
deureased in the presence of a temporaty
teacher (Fig. 1).

Day 26. The data for this day werc taken
while the teacher was out of the room. Since
the experimental conditions were ot opera.
tive, this puint should have been omitted al-
together.

DISCUSSION

The results indicate that some aspects of
the behaviury induded in the categuty of
Apptoving  Behaviuis wete sewnfuiang for
task appropriate behaviors. The frequency of
Relevaut Behaviors was high whencves Ap-
proving Bchaviors followed Relevant duld




Behavior, and deacased whenes © Approving
Behaviots were discontinued.

In each change of cunditiuns that involved
discuntinuation  of  Approving  Behasiurs,
there appeated a rcliable tansition cffect (b
servation Days 11 and 27). Tlus cffect may be
an example of the typial insrease in rate
fuund whea 4 positive teinforeer is temoved.
In support of this explanation, the weackier re
purted, “When 1 stup praising the childien,
amd make unly ucgative conunents, they be
huve very nicely for thice or four hours. How
eved, by the middle of the aft noun the whole
cassivurn is chaotic,” Siiwe vbsarvations were
taken Juring a study ponod in the morning,
the perivds of guod Lihavior show up in the
data cach tune a condition was chauged. A
similar luw deviant behavior point veeurred
at the transition to Frequent Distpproving
Behaviors (day 37), but it is not Jearly ex-
pltined. “The hildien scenied stunned.”

Reviewing the imdividual dasses f Distup
tive Beliaviurs bijugs vut caain sinilaities
and dfferences amwng the Jasses, Duting ihe
fitst alternations of Baseline with discunting-
atiun of Apptosing Behaviots, Gross Mo,
Oricnting, and Verbalization Behaviors in
acsed with discontinuation of Approval,
while Nuise Making and Aggressive Behav
iurs temained at their alieady low fiequency.
The increases are intapreted as suggesting
that suine 1ospunse. a the distuptive Jasses
miy be ranfuraad Ly pea aiention or uther
envitonmatal  Gicunstaices when  control
thsough Japproving wadier ropouses o in-
winpauible bchaviors is withdiawn, For ex
ainple, Onicuting belaviors, such as lovking
atouid the toum ur vut the window may be
sanfuiced by sding viher hildren playing,
by obscrving a custodian deaning up the
schuvlyard, or by scding any of numervus
eveuts which have o relativiship to the dass
1oum. Obscrvativnal avidenee for this infer
e was dearest in the Frequent Disapproval
phase (Leluw). It s abo pussible o attribute
the indcases in Distupuve Behavios during
Nu Approvaly o the inuease in use of Dis
appioval. However, the data for No Ap
provaly, where Disappaoval was held to the
Baseline level, wo. Id aiguce that the effect was
provandy idated 1o the wihdsawal of ap-
proval,

Inacwsing Disapproving Behavivis o a bigh
lovel producad four days where Distupuve

Behuviuts were above 409, Several individual
categuries of behavior also showed marked
chauges. The nuredse in Gruss Mutor Behav-
iors was related e an inaease in nteradtions
with uther students. Duning the Fiequent Dis-
approval wnditivn, two or three chidien
would make alternate trips to check their
wurkbuoks at a table provided for that pur-
puse. Only une child was permatted at the a-
ble at a time. During Bascline and Mo Ap-
frroval phases, it was rare to see a child make
mure than one uip to the table, in the Fre-
quent Disapproval phase, sumne of the chil-
dren would chedh cheir papers reveral times.
Others 1esponded by pushing their papers
off of their desks and then geuing up to
get them. Thete was a noticeable “panring off™
with twu ur mure childien exhibrung the
same behaviors.

Anuther wnsequence of the Frequent Dis-
appioval phase was a marked inaease in the
nuise lovel an the room. A majurity of the
uvises dutiig this perivd were ucated by chil-
dren scooting their desks and Jharrs. One ob-
server reported, “I waited for a few minutes
after the scgular vbservauon perod was over
and (ounied the noises. During one 40sec
pennd, T ounted 17 separate chair saaping
nuises. They came in bursts of two or three
at a time. Ir luoked as though the kids were
trying to irritate the teacher.” The noises in
“butsts of two or three” seemed simnilar to
the “painng off* of childien nuted with the
Gross Mutor behaviors, and sirengthens an-
hyputhesis that reinfurianent from peers is
une of the elanents which accounts for the
wrcase i Distuptive Behaviots during this
ume. Peer attcntion cannot be the only cle-
ment affccung the behavior of the children,
huwever, because the Verbalization catcgury
of behaviurs showed a constant decurease
thruughout the Freyuent Disapproval conds.
ton, The inhibitivn of Verbalizativn wuld
Le due w witerfering emotonal sespunses be-
ing clicited by the high level of wirical com.
ments by the teacher. Mute probable, how-
ever, is that the dhildren simj  1alked more
yuictly 1o avoid being caught o the teacher.
Obscrvers’ repurts indicate that a substantial
number of verbalizations would have been re-
wrded duning the Frequent Disapproving Be-
haviors condition if there had been no re-
yuiremetnt that the respunses be heard by the
vbservers. The dulhicn wuld be seen to turn
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their heads, and lip movamnents ould be scen
frequently, but the verbalizations could not
be heard.

Work by Ldvaas, Freita,, Kinder, Ruben
stein, Schaeffer, and Simmons (1961) suggests
that for some children any adult auention
may be reinforcing Some of the present fiful
ings under the Disapptoval conditivas could
also be interpreted as indicating that teacher
behavior of the Disapprosing variety was posi
tively reinforcing. The level of Disruptive Be-
haviors during each of the conditions when
only Disapproving and Instructional atten
tions were ava’lable does appear to vary with
the level of Disapproving Behaviors dispensed
by the teacher Unfortunately, the illness
caused abeences and Easter break make the
results less clear than hoped. It should be
apparent that the effect of Frequent Disap
proval on the behavior of the children is not
subject to a simpl. interpretation. Some
criticized behaviors decreased, some increased,
and several possible controlling stimuli could
have been nperating with contradictory ef
fects on behavior It is obviously difficult in
a field experimental study of this complexity
to maintain control of all the possibly rele-
vant variables at once.

Another Hmitation of the present design
should be noted. Because of » shortage of ob-
servation time under the desired classroom
conditior ,, a sample of 10 children was ob-
served daily A procedure which included all
children each day would have provided a
stronger basis for analysis of cffects on indi
viduals A rough analysis of individuals with
the present data confirms, however, that an
average of 769, of the students made changes
in the same direction as the group changes.
From Baseline, to No Approval, 819, of the
students showed increases in Disruptive Be-
havior When Approving Behavior became
available, 759 of the students improved
within two weeks. Discontinuing Approving
Behavior a second time resulted in 789, of
the students being more disruptive, while the
final addition of Approving Behavior showed
an increasc in appropriate behavior for 719,
of the children Acro., condition changes,
5% of the children showed no change ou the
average, and 199, showed change (usually
minor) in an opposite direction, Procedures
which permitted specifications of which chil-
dren were praised or criticized for which be-

o~ TR

haviuts woull be neadel to clanfy fully inds-
vidual effeets. It is quite possible that the
children who changed opposite to the group
tremd were berng responded to differently. OF
wurse, there are many ways one can specu-
late here. In an as yet unpublished study we
have shown that praismg some children but
not others leads to changes in the behavior
only for the children who are praised. Results
of this sutt emphasize the importance of look-
ing at individual contingencies.

Brief mention shoull be made of the possi-
ble ethical considerations involved in produc
ing disruptive behaviors. One needs to weigh
the potential gains in knowledge aganst the
short-term or long-term deleterious effects on
the children or teacher. On the basis of prior
research and the return to baseline after the
first No Approving Behaviors condrtion, the
teacher and the expenmenters were confi-
dent that appropriate Lehaviors could be
realily reinstated at any ume 1t was felt
necessary. It may also be reassuring to know
that this accelerated middle primary class did
achieve well academically during the year.
The children completed all second and third
grade work and were all performing on a
fourth grade level by the end of the year.

IMPLICATIONS

This further demonstratior of the im-
portance of specifiv teacher behaviors in in-
fluencing classtoumr behavior has a double
implication. First, the teacher who uses her
Approving Behaviors as immediate conse-
quences for good behavior should find :hat
the frequency and duration of appropnace
behaviors increase in her classroom (at least
for most children). On the other hand, the
teacher who cuddles the miscreant, tries pleas-
antly to get a child to stop behaving disrup-
tively, talks with a child so that he “under-
stamds” what he was doing wrong, or who
pieasantly suggests an alternative activity to a
child who has been performing inappropri-
ately, is likely to find an increase in the very
behaviors she had hoped to reduce. This view
of the functional importance of teacher’s be-
havior in creating, maintaining, or reducing
ctassroom behavior problems contrasts sharply
with that gencrated by psychodynamic models
of problem bchaviors and what to do about
then:. Work of this sort. also suggests a need
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to re-cvaluate the popular diche about the
importance of the interacuon of the “per-
sonality” of the teacher with that of the child
in luuking at dasstoum management proee
dures,

The suggestive evidence that peer rein-
forcement (among other stimuli) takes over
when sudial reinforc=ment is not provided by
teacher 1s given supputt by the recent work of
Wahler (1967). Wahler has shown how pre.
school children can systematically control the
behavior of their peer: by difierential use of
suaal ranforcanent. The muie gencial anpli
cation for the teacher is this: unless an effort
is made to support desirable classroom be-
haviors with appropriate consequences, the
chilidien’s behavior will be wontrolled by oth-
ers in ways hkely to mterfere with the teach-
er’s objectives.

Finally. the posibility that critical com-
ments may actually function 10 indaease some
behaviors upon whith they are wutiugent
cannot be overlooked. A recent study (Mad-
sen, Becker, Thomas, Koser, and Plager,
1967). gives clear evidence that some formrs of
astial consuent do functivn to suengthen
behavior. The more often a teacher told first
graders to “sit down”, the 1ore often they
stvod up, Only praising sitting scemed to in-
crease sitting behavior.
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Today, more than ever before, there
is acute concern aboul the mental
health of children. Traditionally, we
have modeled intervention efforts
after the clinical concept of treatment.
Dissatisfaction with the limitations of
psychotherapeutic intervention {L.evitt,
1957) together with the professiona!
manpower shortage in the mental
heaith field has led, however, to sug-
gestions, eg., Redl (1962). that we
need new modes of treatment, closer
to, real-life situations, f we are to
tackle children’s problems more
efiectively.

When psychodynamic models were
the preferred method of treatment.
teachers were accorded at best a
second-string status on the clinical
icam helping emotionally handi-
capped children. The increasing pop-
ularity of behavior therapy and other
approaches based on learning theory
now o™ ars teachers opportunities for
an integral role in the quest for bet'er
mental health fer children. Indeed, it
might weil be the mental health spe-
cialist who wifl now assume the sup-
portive role (Gaiiagher & Chalfant,
1966) in the “treatment™ of children.

In the zpplication of learning theory
principles to the modification of de-
viant behavior, the emphasis is on the
changing of behavior with little atten-
t.on devoted to the etiology of the be-
havior. Why should teachers tccus
primarily on the tehavior rather than
on its causes? There arc szveral
reasons:

1. First, teachers by virlue of their
orientation are not trainegd to probe
the causes of behavior that even men-
fal hygiene specizlists often considor
obscurc and uncertzain, Hence, is it
really helpful to ask the teachc: io
understand the causes underlying
children’s disturbed behavior?
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2 Teachers in any case are rarely
in a posiion whereun they can directly
manipulate the causes 50 a3 to mod-
ify their influence on the child's class-
room adjustment, For example, if the
problem lies in the parent-child rela-
tions or in a bran lesion, there are
few it any constructive intervention
techniques that the teacher can em-
ploy Yet the child’'s troublesome be-
havior persists and must be handled
as effechively as possible when 1t oc-
curs 1n the classroom.

3. Even in such cccasional cases
where the causes can be identified
and manipulated directly, the mal-
ariaptive behaviors may persist. Thus,
despite the discovery and correction
of the contnbuiing role of poor vision
and faulty child-rearing practices in
a reading disability case, a pupil may
conlinue to experience difficully with
his reading unll attention is specil-
ically devoted to his reading behav-
ior and unless he can experience suc-
cess in this specific area, his mental
health will continuve to be impaired.

4 Behaviors or symptoms or habits
mayin their own rightbe incapacitating
2nd disturbing, 2nd current persisting
symptoms may themselves be pro-
ducing emotional disturbance (Franks,
1985) above and beyond the core dis-
turbance from which the child is sui-
f2ring And. as research indicates
{White & harris, 1851), it is ditficult to
disontangle educational and emotion-
al maladjustrents in th2 school-age
child (Gaitagher ¢ Chalfant, 1966).

5 There 1s [little substantial evi-
denc? to mdicate that if the teacher
assists the child in modif,ing his be-
hovier or symiptoms, other undesir-
able behwiors will inevitably take
their place in the manner of symptom
substitution (Grossberg, 1964).

6 Finally, and most importantly, as
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already mmphed, the teacher most
commonly has no resort other than
to deal with the pupil s behavior as it
appears m the here and now. As
Lewis (1965) altests:

If we cannot aupire to reconshuction of
personality that wall have lung range ben-
eliciat effects, we can modily disturbing
behawior in specilic ways in present social
contexts. This more modest aspiration
may not only be more reduistic but it may
be ali that 1s required of the chitld-helping
psclessions w4 sciely that s relatwely
open and provides a vanety of opportunity
systemsS in wir ch a child can reconcile his
personal needs with Society’'s expecta-
tions of him.

Having argued that the teacher
should be pumarily concerned with
behavior per se rather than with its
causes. let us turn to techniques
emanating from learming theory which
have relevance to the modification
of deviant behavior 1n the classroom
(see Glossary of Tenns on the next
page). Although the techniques to be
presented are discussea separately
for the sake of clanty, it should be
recognized that more than one of
them may be operating at any given
time in real-hie attempts to rnodify
behavior. Moreover, common to all
of these techmques 1s the use of
' systemittic environmental contingea-
cies to alter the object s responsive-
ness to stimuli” (Krasner & Uliman,
1965).

THE TECHNIQUES

Extinction. There s a growing body
of research demonstrating that siniple
withdrawal of reinforcers can reduce
o, climinate such troublesome be-
hzvior as excessive talking, tantrum
behavior and academic errors (War-
ren, 1965; Wilhams, 1959; Zimmerman
& Zimmerman, 1962). Extinction is not
a'ways, however, the most economic
and effective means of producing be-
haunioral change (B.andura & Walters,
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19863} Certain caulions should be
recognized:

i. Spontancous remissicn the re-
turn of undeswrable Lehavior—may
occur following the extinction tri.ls.
thus necessitating additional extnc-
tion sessions.

2 When behavior is maintained on
a partia! reinforcement scliedule, re-
moval of the reinforcers may acluaily
produce anincrease .n the frequency
and intensity of the deviant responses.
Moreover, it is sometimss extreinely
difficult not to rcinforce maladaptive
behaviors in a school setling, since
circumstances may be beyond the
teactwr's control  The aggres.iwve
youngster who kicks ‘he teacher or
a Ciassmiie carot help but be rcin-
force: by the look of pan on the
vicim’s face. The needed coopera-
tion of ¢la >mat s ja the apphcation
of eatinclion procedurces rnay also be
d.fficu’t to secure. wo that by neces-
sity the deviant bel wioris estabhished
on a partial reinforcement schedule.

3. Gencral ob.vivation suggests
th2! certuint behav, .. . do not dimimish
and Jdisappear simply because rein-

e
. .
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forcers arc withdiawn, ang somietimes
teachers cannot or wilt not wait long
enough to pernut the cornplction of
the extinction piocess. These limita-
tions are particularly acute in situ-
ations in which emotional contagion
is a distinct possibility. Behawiors
seriously injurious to the self would
also seemingly not len¢ themselves
well to this technique. In brief, this
metl »d of behavior change has
proven to be of valie with acting-out
as well as inhibitcd youngsters. Yet.
its limitations suggest that other
methods of behaviora! modification
are at iimes more economical and
effective (see also Ausubel. 1957,
Bandura, 1965).

Positive Reinforcement. Operant
conditioning techniques constitute one
of the man tools of behiavior medifi-
cation. In this technmique, emphas.s I1s
placed on the response made by the
individual, and only rmimimal attention
is given to the stimuli eliciting the
response. Essentiaily, the teacher
prescnts a reward whenever the child
enmits the desired response. While
teachers have beern cognizant of the
vdiue of positiveiy resnforcing goon™
behawvior, ther:: 1s ample evidence to
suggest that even good’ teachers
not uncemmonly rewnforce undesir-
able behawvior. Onc of the mernits of
the positive reinforcement technique
stems from its applicabiity to ant-
social youngsters as well as to with-
drawn children (Bandura & Wallers,
1963).

There has been a dcarth of psycho-
therapeutic approavhes designed for
the conduct probiem child, despite
such pupils typically being the most
disruptive of classroom procedures.
The application of positive reinforce-
ment panciples to senously aggres-
sive children involves the manipula-



tion of three vanables. the schedules
of remnforcement, thi, anterval factor
and the type of reward. With respect
to the -concept of reinforcement
schedules, a distinction must be en-
forced between the acquisition and
the maintenance of behavior. For the
former, continuous or fuil-schedule
reinforcement or reward after each
appearance of the desired behavior
is most cliective, wher2as for the
latter, parual or intermittent reinforce-
ment 1s most economical and effec-
tive. The nterval vanable merely
refers to the passage of ime between
the production of a response and the
preseniation of the rexard or rein-
forcer. The defay factor should usu-
ally be quite short imtally, because
acting-out children typicaily have dif-
ficulty in postponing gratification,
Step by step, the interval can b2
lengthened as the child acquires
more adequate behavioral controls.

The revsards for such pupils, at the
start. m2y have to be tangible or phys-
ical in nature but shouid always be
paired with verbal social reinforcers,
e.g.. "You handled yourself well in
that situation today™ {Quay, 1983).
Gradually, the reinforcers can t
shifted away from the concrete into
language ard other symbc'ic forms
of reward until the child ¢21 respond
satisfactordy to them. In deciding
upen the mast zwtabie reinforcers,
consideration should be given to such
factors a3 the child's developmental
leval aad sec:e-culiurad taskgreund.

The n.an enresolved questicn vith
the tuuthugue o pOSLive ranforce-
ment center.,. around the nusstion of
how to miake tne child intiste the
response in the fust place o that ke
can be rewarded (Franks, 1€63). The
techinque of suvial modehng may well
provisde at feast 1 parhial answer e

this prablem (Baer, 1263, Ferster,
1961. Hewelt, 1964, Steck, 1960, Wolf,
Ristey & Meas, 196G4),

Modeling. Modeling s based on
the prenuse that a chiled will imitate
the behavior of others. Rledeling is
important i that chddren commonly
acquire sociil skills through imita-
tion of and identification with exam-
ples of sccially approved behaviors
presentad by suitable models. School
teachers thus have a unique opportu-
nity to influence the behavior of entire
groups of children. However, this tech-
nique has been lypically ovorlcoked
in the management or madhfication of
deviant behevior in schools. Modeling
p.ocedures may represent a more ef-
fective means than positive reinforce-
ment of establishing new response
patterns in children {Bandura, 1965).
Moreover, a behavior pattern, once
acquired through imnitation, is often
maintained without deliberate exter-
nal remmforeement, because human
bemngs learu to remforce themselves
for behaving 15 certain ways Teacher
traiming insntutions have long re 0g-
nized the mmportance of mos 2ling
procedures i the tramning of future
teachers ang, acecrdingiy, attempt 1o
provide adequate modes in the form
of cnitic teachers, However, attention
should now be devoted o the teach-
ers use of medeling procedures in
influencing the behavier of the pupils.

There are three effects of exposure
to models: the modelng eflect, the
mhiditory or disinhibitory effect, and
the elicing elfect (Ban Jura, 1965).
Through the madeling effect children
come to acquuae responses that were
not previously a part of thasr behavicr.
As noted earher, modeling proce-
duwes may be considerably more
cconomical sn establizhing new re-
sponse, than the metaod of operant

‘s
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conditioning bascd on positive rein-
forcement, especially when a combi-
nation of verbaliung models and
demonstration procedures are used.
The strengthening or weakening of
inhibitory responwes already existing
in the observer (the inhibitory or dis-
inhibitory effect) can also be accom-
plished through modeling procedures.
Children, for example, who see a
model punished or rewarded for ag-
gressive behavior tend to decrease
or increase their aggressive behavior
accordingly. The eliciting or response
facilitation effect refcrs to the teach-
er's eliciling responses that precisely
or approximately match those exhib-
ited by the model. Thus, observation
of the teacher's response provides
discriminative clues that trigger simi-
lar responses already in the pupil's
behavior repertoire. This ehciting el-
fect is distinguished from the modei-
ing and the disinh.biiag effects 1n
that the imitated benavior is neither
new nor previously punished.

The probab:lity that a child vall imi-
tate a model is a function of several
variables. Modeling is parlly de-
pendent upon the teinforcing conse-
quences of the model’s behavior.
Thus, if a model 1s rewardeg for hus
socially approved behavior, the hike-
lihood that the observe will behave
in a socially approved manner s n-
creased. Other facters include the
process of atleadinig 0 the maedals
behaviour, e.g., 2r > Z.35 traimng in ob-
serva’ion, and vanoul enviionmental
stimull, eg. the complexity of the
stimuhi (Baldwin, 1967, Dandura,
1962b, Bancura & Hutscr, 1961, Ban-
dura & Kupers, 12€4, Bandure, Ross
& Ross, 1363).

Punishmeat. Averswve cundiioning
of pumishiment is an inteivent.on tech-
mque which has been uscd pomanly

‘—\("\
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tu discourage unucsirabie behavior,
This techmique consists in the pre-
sentation of cither physiwally or psy-
chologically painful stuwuh or the
withdrawal of pieasant stimuli when
uniwesirable behaviur accurs. The
use of pumshment as a techmque for
behavioral modiflcation has been
contraindicated fur the foliowing reu-
sons:

1. Punishment doc¢s not ehm.nate
the response, it merely slows down
the rate at which the troublesome be-
haviors are emitted.

2. This technique serves noticc to
stop certain negative behaviors, it
does not indicate what behaviors are
appropriate in the situation.

3. Aggresswe behaviors on the
teacher’s part may piovide an unde-
sirable model for the pupil.

4. The emotional side effects of
punishment, such as fear, tenseness
and withdrawal are maladaptive,

5. Punishment serves as a source
of frust:ation which 15 apt to elcit
additional maladaptive behav rs.

Some psychologists, who are cur-
rently reconsidenng the concept of
punishment, contend that « can have
a beneficial effect if applied to spe-
cific responses rather than to generai
hehavior {Marshall, 1985).

Teachers, whateve- their motwa-
tions, use verbal repimands and
other forms of cor.ecction in their ap-
proach to classrooin management,
and the judic;ous use of punishment
as an inlervention tcchmique s most
likely necessary in that it 1s impossi-
ble to guide behawvior effectively with
pcsitive reinforcement and extinction
alone. As Ausubel {1u57) asserts, "1t
is impossible for children t¢ leamn
what is not approved and towcrated
simply by generahzing in reverse
from the approval they receive for the




O L R o et Y

behavior that is acceptable.”” Thus,
punishment of specific responses
can have an informative and oene-
ficial effect. A particular positive
value that may accrue from the use
of punishment is that undesiruble be-
haviois are held in abey.:nce, thus
permitting the teaching of desirable
modes of behavior through such in-
tervention techniques as social imi-
tation or positive reinforcément. Al-
though punishment techniques have
been uv.ed primarily with acting-out
pupils, they have also been found to
be of valu: in certan cases of with-
drawn behawvior (Bandura, 19€Za,
Church, 1983. Lovad.., 1965, Meyer &
Offenbach, 1932, Redl, 1965, Sears,
Maccoby & Levin, 1857, Solomon,
1964).

Discrimination Learning. Children
sometimes engage in muladaptive be-
hiavior becausc they have transferred
behaviors acceptable in one sctting to
a second setung 'where these behav-
sors are considered inappropriate and
maladaptive. Thus. for example, the
child who is overly dependent upon
his mother may behave in a very Jde-
penu2it way towaid hus teacher. Such
<a.es of inagpropnate generah.ation
can sometime:s be remediated through
the use of discrvmination lsarning.
Essentially *his process consists of
labeling given behaviors as appro-
priate within a specific environmental
context. The teacher in the above
vase, for example, may inform the
child in 3 nunpunitive way that she s
nut his mother but hy, teacher and
that as such she will require hin to
become more slf-reliant. Taus {abel-
inyg by the teacher makes the child
mcre aware of both inappropnate
and appropirate behaviors, Intcrest-
ingly, children do not alv.ays have to
be .ble to express sucn discnnuna
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tions verbally in order to achieve “in-
sight™ into their behavior. it 1s rather
required, to insure effective results,
that appropnate responses be re-
warded and undusirable rcsponses
discouraged. Discninunation iearming
thus may be of scrvice in conjunction
with most other techmiques n man-
aging conduct and personality prob-
lems n the classroom (Ayllon &
Michael, 1959, Burniett & Lindsley,
fuu2, Brackbill & O Hara, 1958, Penny
& Lupton, 1961, Stevenson, Werr &
Zigler, 1959).

Desensitization. Densensitization as
an intervention technique has been
used principally with the fearful and
phobic child. The basic cbjective is
to have the chi.s achieve a relaxed
response in the presence of what
were previously anxiety-producing
stimulh. To accomplish this relaxed
respounse, the subject is encouraged
to perfc.m approximations of previ-
ously punished acts within non-pun-
ishing or actually revsarding situations.
Or through gradual esposure to ‘he
feared object or situetion, a subject
niay become able to perform a for-
merly feared act or approach the
feared object in a relaxed manner
(Buatler, 1862, Garvey & Hegrenes,
196¢, Jersiid & Holmes, 1935, Lazarus,
1960. Wolpe, 1956).

CONCLUDING REMARKS

As cvulenced by our discussion of
the limitations of each technique, we
do nut enwision management tech
niques emanating frony learning the-
ory as a panacea, but these interven-
tion techmiques do have certan
patential advantages:

1. The fruittulness of these tech-
mques in mudifying hiuman behavior
has been demonstrated in laboratory
setings as well asn patural settings,

-~
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2. They are consistent with the
teacher's role whereby she must re-
tlect cultural expectations and set
standards for her pupis' academic
and social behavior.

3. Benavioral approaci:es offer spe-
cific and practical techingques for use
in day-to-day classroom preblems.
While teachers already use some or
all of these techimiques, they fre-
qQuently do so intutinely or tnconsist-
ently thereby reducing therr efficacy.

4 These techniques enable the
teacher to strive tonward more real-
istic and obtainable gouls relative to
therr pupils' mental health.

5. One of the mos! impoitant attn-
butes of thes. technigues is the fact
that they can be taught to teachers,
While tnere are few if uny teacher
training institutions currenlly offer-
ing didactic and practice training in
such techniques, one can envision
the time when teachers will acquire
such skil's through !2boraiory courses
taken 1 conjunction vath thew formal
course work or through in-service
meetings and workshops.
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A TOKEN REINFORCEMENT PROGRAM IN 4
PUBLIC SCHOOL: A REPLICATION AND
SYSTEMATIC ANALYSIS

K. D. O'Leary, W. C. BEckrg, M. B. Evans, axp R. A. SAUDARGAS

A base rate of distuptive hehavior was obtamed for seven chaldren i a second-grade class of
2t culdsen Rudes, Educational Structuse, and Puaising Appsopnate Behavior while Ignoing
Distuptive Behavior were antroduced suceessively, none of these procedures consastently re-
duced dissuptive behavior, However, ¢ combination of Rules, Educational structure, and
Praise and Ignonng nearly climinated distuptive behavior of one child. When the Token
Ranforcement Program was introduced, the frequeney of dissuptive benavior dechned in
five uf the six remaiming chuldsen, Wathdrawal of the Token Remforcement Program increased
distuptive behavior i these five children, and remnstatement of the Token Retnforcement
Program seduced disruptive behavior an four of these five. Follow-up data mdicated that the
teather was ablé to tnsfer contsol from the token and back-up seinforcers to the renforcers
wasuing within the educanonal setung, sudh as stars and occasional pieces of candy. Improve-
ments in academic achiesement duning the year may have been selated 10 the Token Pro-
grany, and attendance tecords appeared to be cnhanced dunng the Token phases. The Token
Program was utilized only in the aftesnoon, aud the data did not indicate any gencralization

E

of appropnate behavior from the afternoon to the mosning.

Praise and other social sumuh conuected
with the teacher’s behavior have been ostabs
lished as effective contrullers of children s be
havior (Allen, Hart, Buell, Harns, and Woll,
1961, Bedker, Madsen, Arnold, aud Thom.as,
1967. Brown and Elhot, 1965, Hall, Lund, and
Jackson, 1968, Harris, Joliston, Kelley, and
Wolf, 1961, Harris, Wolf, and Baer, 196,
Scutt, Burtun, and Yarrow, 1967, Zimmerman
and Zimmerman, 1962). When the teacher's
wse of praise and social censure is not effec
tive, token ranfurcement programs ae often
suceenful i comrolhng children (Birnbrauer,
Wolf, Kidder, and ‘Tague, 1965; Kuypers,
Becker, and OLcary, 1968, O‘Leary and
Bedher, 1967, Quay, Werry, McQueen, and
Sprague, 1966, Wolf, Giles, and Iall, 1408).

Ihe token remforcement program uulized
by O’Leary and Becker (1967) 1n a thivd-grade
adjustment chiss dramatically reduced disrup
tae bohaviun Inorder w0 maxstniee the pos-
sibthity of reduang the distuptis e behavior of
the chldren, O'Leary and Becker wsed sev-
cral major variables simultaneonsly “T'he first
objectse of the present study was to analyse
the separate cffects of some of the vastables
uttized s the former study. More speafically,
the aim was to examine the separate effects of
Glasssooin Rules,  Educational  Suucuure,

Ieacher Prawse, and a Token Reanforcement
Program on children’s disruptive behavior.
Rules comssted of a hist of appropnate be-
haviors that were reviewed daily, Educauonal
Structure was the vrganization of an acadenc
program o specified 30-mun lessons such as
speibing and anthmetic, The second objective
was tu assess whether @ Token Reinforcement
Progran: used only in the afternoon had any

‘Portions of this paper were presented to the Amer-
inan Psychological Assuaation, September, 1968, San
Fisnases, California, This research was supported
primartily by Rescarch Grant HD 008ft 05 to Wesley C.
Becker from the National Insututcs of Health and
sceeaddnly by a Biomedica! Science Grant 31-8200 1o
K. Danwld O Leary from the State Umiversity of New
York at Stony Brook. The authiors are grateful to Nancy
Brown, Counic Dockicsman, Pearl Dosfmann, Jeannc
Kappauf, Margery Lewy, Stanley Madsen, and Darlenc
Zicatashs who were the major observers an ts study.
Appreaaton for support of this study s expressed to
D1 Lownddl Johnson, Discctor ot Instruction, Urbana
Iublic Schools, awd to Mr Richard Sturgeon, clemen
taty schaol prucipal, The greatest thanks goes to Mzs.
tanda Alsherg, the teacher who executed the Token
fcamforcenient Program and tolesated the presence of
obseavess buth mormng and afternoon for eight months,
Hor pas nee and sclf contsol duning the Praise and
Withira val Phases of the program were especially ap-
preciated  Reprints may be obtained from K. Daniel
O Leary, Dept of Psychology, State Umivessity of New
Yok at Lwny Brook, Stony Brook, N.Y. 11790,
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effect un the childien’s behavior in the morn-
ing Third, the present study svaght to ex
amine the extent to whide the effects of the

Tuken  Reinfurcement  Program  pensisted
when the Tuhen Prograin was discontinued.

METHOD

Subjects

Seven members of a second-grade class of
21 children from lowermiddle dass huines
served At the beginning of the schuul year,
the dass had a mean age of 7 yr. 5 months, 4
mean 1Q score of 95 (range 80 to 115) on the
Califurnia Test of Mental Maturity, and a
mean grade level of 15 on the California
\chievement Test. ‘The class was very heteru
geneous with regard to sucial behaviurs, A
cording to the teacher, thiee of the childien
were quite well behaved but at least eight ex-
hibited a great deal of undesitable behasior,
The teacher, Mrs, A., had a master’s degree in
counseling but Lad unly student teaching ex
petience: She was invited to participate in a
research project involving her dass and re
ceived four graduate credits for participating
in the project.

Observation

Children. Mrs, A, selected seven childion
for observation. Al seven chililren were ob
served in the aftarnovon and four of the seven
(S1, 2. 81, and $6) were also ubserved in the
morning. Morning observations were made by
a regular obscrver and « rcliability chedker
from 930 to 11.30 vvery Monday, Wednesday,
and Friday. Atternoon ubservations were made
by o regular obsersers and a reliabihit
chedher from 12,30 w0 2.30 every Monday,
Wednesday, and Trday, Obsersations were
mtde by undagiaduate studens who were s
stracted nover to tdk o the children or w
ke any differeatial respunses 10 them n
otder o e the leet of the vbservers
o the duldren s behavior, Bofore Base Paiod
Jata were collcaad, the undagraduate were
tidined to vbsave the Juldien over a three-
weekh poood o dhe dasstoom, and astenuon-
scekiig behiavions of the Jduidren direciad ac
the vlsanves weie cffatvedy dimmaal be
fore the Bise Period.

Lackh duld was obsersed for 20 mun cack
wiy. The ubservars waechad the cdhuldien in o
ramdomr vrdarn, Obsanvattons were made un
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@ 20:s¢e ubserve, 10-sce record basts, e, the
obsarver would wateh the child for 20 sec and
then take 10 sec to tecond the disruptive be-
havioy whidh had occurrad dunng that 20
see peniod. The categunies of behavior selectal
for observation were identical to those used
by O'Lemy and Becker (1967). Briefly, the
seven general categories of disruptive behav-
ior were as follows: (1) motor behaviors: wan-
dening arvund the room, (2) aggresstoe be-
hawws, hitung, kicking, stniking  another
chld st an object, (3) disturbing anvther's
property. grablang another's book, teanng up
anothet’s paper, (1) distuptive noise. dappng,
statnptng feet, (5) twmng around. tarmng o
the persun behund or luoking o the rear of
the 1ovm when Mrs. A. was 1 the front of
the dass, (6) veibalization. talking to uthers
when not permaed by teacher, blurting out
answers, pame-calling, and (7) wmappropriate
tasks. duing anuhimetic duning the spelling
lesson,

The present study was a systematie rephea-
ton uf O'Leary and Becker (1967). To facth
tate comparisun of the two studies, the de-
pcmlcm measure r(:purl(:tl 15 the pereentage
of intervals in which one or more disruptive
behaviors was recorded. Percentages rather
than frequencies were used because the length
uf the observations vaned due to unavandable
uteunmistapees such as assemblies and snow
sturms. Nuncthdess, most observatons Lasted
the full 20 nun, and no olsersation lasting less
than 15 nun was included,

LFeacher. In onder o esumate the degree to
which the teacha folluwed the experimental
untiucnons, Mis, Av was obsenved by two
undagraduates for 90 nun vn Fuesilay amd
Thunsday afternoons. Teacher behavior was
not obsenved on Monday, Wednesday, and
Friday whea he duldren were observel! be-
vause Mrs, AL undenstandably Jdid not wish
w have s wany as fise ubservers in the roumn
at une tine. Furthermore, because Mrs, A, was
sutnew hat reluctant to have three regular ob-
servels and une or two graduate students in
the tuutn at most tines, she was infortned of
the need for dus vbservational imtrusion amd
the mechiaies thereof. Tls explanation made
iU upussible to assess the teacher’s behavior
without her knowledge, but it was felt that
deception about teadher observation  could
have bean barmful both w thas project and
futine projects i thic school. Nonetheless, fre.
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quent wadher obscrsations by twe graduate
stidents wha were often we the toom the on
ure week ensured some winformity of her Le
aavior thioughout the weeks The graduace
students fiegueatly mee wath Mis AL o alat
ha o any doviatons from e aperimantal
imstractions, and cqually anportan, W iein
Tonie b " appropriatc™ behavion, Observa
tions ol the teacha’s bihavior ware made on
A0 e ubserve, 10 sed rewand basis. The cate
gottes of wacher belavion selaied tor vbser
vation were as follows:

. Comments precedimg responses,

A deadomic misbaction “Now we wall
do anithmetic®, "Puc ovaything i
vour desk”™, “Sound ont the words,”

B Svaal instraction "T'd Bike sou o
sav “please” and “thank yon™, “Let
me sec aquiet had”, CLets sicup.”

I Comments following responses,

A\ Praise "Good”, “TFine”, “You're
nght”, T like the way 1 have your
atenton,”

Critectsm. “"Don't do that”, "Be

quiet”, “Sit in vour seat!”

C Thieats "I vou'te not qaiet by the
ume count thiee ... .7, “If you
don’t get to wurk you will slay aftar
school™, Do you want o sy in
this group:™

B

Ihe tcachar’s prase, dniticism, aimd thicats w
sindividual Childrane sae daffaentacad fiom
prawve. criicism, and threas wothe dass
a whole For cuimple, “Johnny, be giuet!”
was diffaantiaed from “Class, be quien)”,
Fhas, aght diffaent dasses of tcacha be
havior wae recorded  two dasses of comments
praading iGponses atid sin dasses Tollowing
1EPOIES,

Praceduie

The aght phases of the stids were as ful
lows (1 Base Panad, (2, Glasstoom Rules,
(3) Vdudational Suucture, (1) Puabsing Ap
propriate Behavior and lgnoting Disruptive
Behavior, () Tokens and Backaup Reinforce
mment, (b Pracsiog Appropriate Bohavior amd
Iguoig Disiuptine Behavior (Withdiaw ai),
(O Tokem and Back-up Remnforcement, and
(81 Follow up Thiee procedures, Educational
Strucaie and both of the Token Reinfurce-

Q
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et Phases, nere unstuated for a 2hr period
duning the altanvon, The remander of the
procadures were e effect for the enure day.
Ihe aght procedures were an effect for all 21
childien, The firse four condittons were msn-
tuted e the vrder of hypothesized mereasing
dlacuseness. For example, 1e was thought teat
Ralos wonld have less effect on the children s
behiavior than the wse of Prasse, In addiuon,
1t was thought that the combinauon of Rules
sunl Pranse would have less effect than the
Tokens and Back-up Reinforcers.

Base Period. After the initial three-week
obserser taining period, the children were
observed on eight days over a sixeweeh Base
Pariod s esumate the frequency o disrupuve
puptl behavior under usual dassgbom condi-
tois? The teacher was Skttietd handle the
chillien in whateser way \?}f L approprrate.
Duning the Base Periud, Mrs, A, Tistrucied all
the chtldren in subjeuts like science ana arith-
metic or took several students o small read.
g groups i the back of the room while the
tostof the dass engaged in independent work
at their sears. Neither the particular ype of
activaty nor the duration was the same each
day. Stus and variows forms of peer pressure
were sputadically ised as ddasroom control
wedhmiques, bue they usually had linde effect
aiml ware disconunued unul experimentally
temtioduced durning the Follow-up Phase.

Classroom Rules, There were seven observa-
uons over a threesweek period during the
steotd phise uf tac study, The foltowing miles
o ansttacaoins were placed v thie blackboard
Ly the teaclier, ' We sit i onr seats, we rawse
our hands o ik, we do not talk out of wirn;
we haep our desks dlear, we face the front
uf the toom, we will work very hard, we do
not talk an dhe ball, wo do not run, and, we
du so disturhs reading gronps, Mrs, A, was
asked 1o 1eview the rules at least once every
morning and afternoon, and frequent observas
tions and discussions with Mre, A, guarameed
that this was donc un most ocasions, The
dasstoom acunities again consisted of reading
groups and independent seat work,

“Lan of the 18 observations durg the Base Pertod
woie diminatad boaause musics wead shown on thoese
days, wid dissuptive behavior on thuse days was sigaf
tcanthy loss than on days when movies were not shown
Although movies were sehdom used afier Base Penod,

the soven subscenent observations when movies oc-
wined were Chmmated,
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Fducational Structure It has bean stated
that a graan deal of the saccess i oken 1an
lorcaent progranns may be o tancuon of the
Bughy stiactunal seginien o the progi o aid
ot a functon of remfotcancnt comiigaaoe
Since the Tokae Phase of e program was
de \lgllnl to e usad altllmg stiactuted ety
ey that the wacher diectad, Miso A was
whed o reurgamec ha progran o fo
30 n sosmons an the aftaswon o whidh the
whole (s paoapaed, cg., spelling, 1ead
g, anttanctig, ad sacae, Theas, the put puse
of the Ldacanonal Suuctae Phast wao
et the ampattunce of stuctute o s M,
v continued to revien thie tales twace w day
daning e phase and all succeeding phase,
Buding this phase thac ware fne olnavations
over a twoaweek period

Prasc and Ignore, In addinon o Ralos and
Ldudational Siraciure, Mis, A was awked 10
praise apptopnate bilavor and o ignoc
distuptive behavior as much as posible Ta
oxample, she was ashed o agnore duldien
who Jdad a0t sane diar lands bdore amwa
g gquotom and o praise duldien who
taned theun hands before speaking In addi
tion, she was wked o discontinue ha o of
thircats Duning this phase thaae were five ob
servatwons ova o tvomedk ponod,

Tovken 1, Clasivum Rules, Lducatonal
Stncare, and Prase and Ignonng ianandd
w cflece The exponimania wohd the duldien
that they would 1ccane ponits o raungs fow
ume i aftawoon, The ponts which the
dalion raconad o these four
vangad Dom 1o 10, and the duldian wac
told thad the ponns would sddlet die aian
w which they followed dic rales placed un
the blackboard by Mis, A Where posable,
thoe pomnts abo rdlcaed the goahiy of da
duldicn s pasapaton
amd e accuacy of than auhuane o sl
g The duldian, bihavion i the wmotinng
did not snfluace e satings e e wla
noon U dudd was absent, Be recanad e
puints The ponts o whan wae phacad an
stinall bouklon on cac dhubd s dok, Tl poine
were ovdhangaable dor badk ap santorcens
such av candy, pennats, dolls, comines, ba
rertes, aind tov ks, tanging i valuc how
2o 0 ents The vartens of pruvos ade o
hike Iy that at lcast onc ol the e would In
a tantorcet dor cadh dold The price wae
on doplay Gvan attanoon and e @adhia
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whed cach duld o selece e prse hie wishald
w catn bedore the tating period stazted.

Daang the amnal Jonr davs, the uldien
ware ddygable fon prizes joscafier ther fowdh
tating at approziniately 2300 Therealter, all
praires waae dntndated at tie end of the day.
For i fuse 10 schivol days the duldien could
e prves cach day, There werc always tno
lovels of prices: Dunng the st 160 days, o
ddd had o rccane an kst 26 points o se
vnne a2 Be prive (devel one prieey o 35
porits o recane a 10 prive (dovel two prace,
Lo the sieae s days, poants were acenmulatald
for two diys and exchangad ac the end of tlie
sceond diy. When daldien saved then pon..
for two diys, a dhindd had o rccene 55 s
Lo reteave o Jl¢ praec ol 70 prants to receise a
20¢ pre, Then, a six-day period occurraed in
wlindh pomi ware accamabaed for dicee days
il exchanged at the end of the thind day,
Datimg dos panod, o cdud Lad o rccane 85
ponts o e a 200 prvc vr 105 points o
teaive &30 przg, Whenesa the prives were
dotbaidd, e duldiaa sedaguohal ab dhen
pornts Durngg Token 1, thete were 13 obser-
vations over a five weeh pernd

Lot the fust week, the expenmenter 1e
paated the ustacuons w the dass at dhe
beginmug of cach alternoon sesson, Both the
experunctitet el Mis, AL rated the dubdien
cach day Lo the finst week i order o tewdh
Mis s how w rae the chedien. The eapen
wmema satin the badk of the tootm and " anded
s ratngs o Mis, Ao sunrepitons man
uar e cade tating posed. Mis, A, utilied
Loth vatings s atreving o fiial 1atng which
shic put an the du' ens booklets at the end
of cach lowson pensod, The method of asnisang
at o« mnnber of naing o be placed in the
Jiudds boaklar was to be based on il chidd s
sngnovomont i behavion, That i, il a child
showad any daily angnovament he could 1
cuse a tatung of approsiniatey 3o 7 so that
b conhd wsually cann at et aosadl iz
Mahed nnprosancnt a Fduvion o repeatad
displa > of tddativddy good behavior asually
wattantad 1wy hiaa 8 w0 10, Raungs ftog
Lo 5 ware given whon o dubd was distapuise
and did not evidance any daily maprosemaont.
AMihough sadh ot sotem imvolyves mudh
subycand gudgananton the pattof the eacher,
i sddadindy casy to mnplement, and a sab
andiany aim of the study was o asess whethua
a ok sostan could be lmpletsontad by one
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teacher m g class of average size After the finst
week. the wacher admmnstered e Token
Program herselt, wnd the oxpermmenter was
neter preseat when the daldren were beng
ebverved M the experimenter had been pres
ent durig the "Token Phases bud not during
Wathdrawal.amv etlects ot the Yoken Program
would have been wontousndad by the oxperi
HICNICT’'s presetee.

Hathdvaical, To demomstrat: tha the tohen
and back-up remntorcers and not other factors,
such as the changes that ordinandy occur dur-
myg the school vear, accounted for the ob.
seived reducnon in duruptive belavior, the
ohen and back-up reintorcers were withdrawn
duning this plase Tiere were seven observa-
uons over & five week period When the prizes
and the booklers were removed from the room,
Mrs A told the children that she still hoped
that they would behave as well a5 they had
durmy lie Token Period amd emphasized how
bappt she was with their revent improvemnent.
Rules, Fducatonal Structare. aml Praise and
lgnonmyg remarmed ine et

Token II' When the tokens and back-up
remtorcers were reimstatad, the cabidien ob
tned a prive on the hint day if they received
23 w 33 pomnts For the neat four davs there
was aone dav delay berween twoken and back-
up rantorcement. the remainder of the Token
Remstatement Period tnvolved o twoaday de
Ly ot rewbHricement The prize and point s
tem was adentical o that duning Token L
Duiing this phase, there were fise observations
over a two-week period.

Fellow up The when amd backup rein
forcers were agan withdrawn in onder o see
it the appropriate behavior could be main-
tame! wider more normal dassioom condi-
tions  In addition to the continued we of
Prase. Rules, amd Tducatonal Suucture, it
was suggested that Mrs A nitate the wse of
& snlemati sstern Chaddran could te-
renve trom one to three stars for good behavior
twice durning the morming amd once duting
the atternoon  In addiion, the duldian e
¢ ned extra stars for betier behavion dunng
the mornmng rostroom break and tot displaving
appropriate bohavior upon corering the wom
S amd 12300\t tunes, extra stars were
eiven o the best beha.od 1ow of dubdien The
shildien countad Jhar stars at the cmd ol the
vt they lad 1001 mote srars, thos reconead
del star dot was placad on a perinancnt

st
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wall chart 1 a child recesed 7 10 9 stars, he
recenvad a green st that was placed on the
chart. The boys gold stars and the guls gold
stars were counted cache day. and cack mentber
of the group with the greater namber of gold
stars at the end of the week recened a piece
of candy. b addicon, any child who recenved
an entire week o gold stars recenved a prece
of candv. All cliisdres began the day withowt
stars so that, wan the exception of the stars
placed ot the wall chart, eversone citered the
progran at the same level,

Such a procedur= was a formt of a token
ranforcement pograur, but there were -
portaut procedural differences between the
experumental phases designates! loken and
Follow-up, The back-up remforcens used dur-
ing the Token Phases were more expeusive
than the o pieces of candy a duld could
carn cach week during the Follow-up Phase,
lu addition, four daily raungs ocurred at
hallhour ntervals in the afternoons dunng
the Token Phases but not durmg Follow-up,
On the other hal, stars. peer pressure, and
a4 very small ame ne of candy were used in
tie Follow-up Phase. As mentuored previously,
buth stars and peer pressure had been useil
sporadically in the Base Peniod wih hule
clfect. Most importantly. 10 was felt that the
procedures wsed i the Follow-up Phase could
be inplemantal by auy teacher. During this
phase there were six observations over a four-
week period.

Relability of Qbservations

Fhe relisbilities of child observations were
cilalated according 1o the following proce-
dure. an agreement was scored if both ob.
xrseny tecorded one or more distuptive be-
haviors within the same 205¢c mterval; a
divagreement was scored 1f one ohserver re-
corded o disrupine behavior and the other
obsrver reorded none. The relabiliny of the
uwasure of doeruptive behavior was caloudaed
for cach child cach day by diseing the nume
bet of witervals in whith there was agreenent
that one or more distuptive beluviors occurred
by the total number of agreenients plus dis
agreements, Anagreenient was sored af both
obsetvers recorded the same behavior withm
the sane 20a¢c ntenval. A dibagreement was
scored 1f ome observer recorded the hehavior
and the other dud not, The wehabiluy of a
paticular sy of teacher behavtor on any
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one day was calanlated by dividing ibe twtal
number of agreements for that class of behay
iors by the total number of agreements plus
disagrecments for that class of behasiors. Re-
linbilities were calculated differently for child
behaviors and teagher behaviors because dif-
ferent types of dependent measurcs were uti
lized for dubihen and the weacher, and it was
telt 1hat zelubility mcasares should be 1
ported w1 e speufc dependent menures
wsal.

At sz one reliabiiny diedk was made dur
miz thee stternvon on eve  Jduld Jdaning the
Base Prraad, and one chuld had three.” The
average reliability of the ncasure of distupiine
behavior darmg the afternvoms of the Base
Perid tor cal «of 1he seven duldren rangald
from 88 to 100¢,. 1he wollowang fgures rep
resent the namoei of ehabiluy cheds and
the average of these rehabihity checks after
the Bave Penod ahrough the fist Token
Penod fua eadu dilid. S1. 6. 867, 82,5, 917 .
$3. 6. 91 | SL 6, 93v.. S5. 6, 87 ,. S6. b,
St . 57, 0, 97 . Beaane of the repeatad lugh
relubihues, teliabilns chedks were
unuad when the token and back-up remforcers
were remnstated, r.e., no relability dhiedhs were
made duning o1 after the Wuhdrasal Phase.

Adequate morning relabilities sere not ob-
tamed nnnl the Rules Phase of the stads. The
foltowzy higures represent the number of 1
habilics chedks and the average of thow rel-
abihty checks durmg the Rules Phase. S1 3,
98, 52, 4. o8v.. 5L 3, 1, 56, 3, 88 .
Mormng rehabiliey chedks afier the Rales
Phase were 1made approvumatels evers thre
obrennatgns gnl)l)rt)‘llll.ltcly sCven ULavIony)
throngh ke first Token Perisl. Aserage 1
Lavihiies of the fear dulilren dwmg b
Rules, Educanwonal Stuucture, Pranc amd g
nore, and 1iken 1 Phases rangad from 82
to 99¢.

Eleven rehialainns checks for the vanious
classes of teacher behavier before the Prane
and Jgnsre Phase was mtroduced  yichied
weraze rebabihines as follows, academie m-
stmaon, 75+ soaal instraction, 77 . prane
to nutizduals, 77¢; prasse o the dass, 917,
aueism 0 indiluals, 73¢ .. antasm 1o the

dicon-

E

O

Mefore 10 of the 18 obscrvauon Jays duting the Base
Peniot were eliminated because mosics wete showit on
those dass, at least thice tehabality checks had been
made duting th= aficinaon on cach child.
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asy, 729, threats to indivituals, 8355, and

threats to the class, 839,

RESULTS

Chuld Behavior

Figures 1 and 2 present morning and after
noun data, suime of the variability within con
diniuns wan be seen. Figure 3 presents data of
individual children as well as an average of
seven children acruss afternoon conditions,
An analysis of variance was performed on the
perientages of combmed disruptive behasior,
asenged within the aght afterr son experi
mental comlition, for the seven subjects (See
Fig. 3). The analysis of varianee for repeated
measures (Winer, 1962, p. 111) indicated dif
fuances among the cight experimeatal con
ditions (F =73, df =7, 42, p <0.001). On
the vther hand, the pereentages of combined
disruptive behavior of the four chilidren ob
seived i the morning, averaged within con-
ditions, did not dhange daring Rules, Educa
tonal Sttuctare, Praie and Ignore, or “Token
1 (¢ = 10, df = 1, 12). Diflferences among af
ternoun conditions were assessed by £-tests.
Significant and pensignificant differences are
grouped imdividually in Table L¢

It would be emphasized that comparisons
betsween Folluw ap and Praisc and Ignore are
motc meaningfal than compasisons between
Follow up and Base, Rules, or Educational
structure. Prase and Follow-up were similar
procdares, both induded Rules, Educational
Suture, and Prape and Ignore. The Base
Periud dud nut indide any of these. Further-
taore, after Rules and Educational Structure
wercmitated, Mrs, A statad that she required
more academine sork from the children than
during Base Peival. A statistical analysis of
the group datz suggests that a twken rein-
forcement prog am aan raluce disruptive be
bavion aml that a token reinforcement pro-
gram tan be replaced with a variant of a
token program without an increase in disup
tive behavion. However, a more detailed anal
wis of the data for indivithzal chillren indi
cated that the Token Reinforcement Program
was mure cffective for some chililren than
otheis,

“Two tul d tests,

[y
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aght wndiiony Base, Rales. Edudativnal Structure, Praise and Iguor, Token I, Withdrzwal, Token II,

Follow-up.

The introdudtivn of Rules, Educational
Structure, and Praise and lgnore did not
hase an comsistent effects on behavior (see
Fig 3 fiabing Appropriate Bchasior and
Ignotiag Distuptise Behasior deserve special
mention. Although Mrs. .\, wed (ntidism ve-
ehtonialls during the Prase and Ignore Phase,
she genaddly ignur d dosuptise behasior and
used prave frequently, Taitially, a wumber of
children responded well o Mrs, A praise,
but two buys ($2 and 51, who had been dis-
tuptise all year becamic progressively mute
unruly during the Praise and lgnore Phase,
Other childien appedred w observe these boys
being disruptive, with lLttle or no avensive
consequences, and soon  became  disruptive
thansclves. Relay races and hiding under a
table contributed (o the pandemoniem, Sev
cral childien were su distuptive that the aca-
demic pursuits of the ret of the class becane
impossible, The situativn became mtolerable,
and the Praise and Ignore Phase had w0 be
disconunued much earlier than had  been
planned.
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The disruptive behavior of §7 was reduced
to a sery low level of 15¢, by a combination
of Rules, Educational Structure, and Praise
and Ignure. In the previous token program
{O'Leary and Becker, 1967), in which a nur..
ber of sanables induling rules, praise, edu-
cauond] struature, and a token program werc
smultancously intruduced, distptive behay-
tur during the token pertod was reduced to
« lesel of 10%,.. Thu, the present Token Re-
forcement Program probably would not be
expected further to seduce discupuive behas-
ior in this child.

During Token I, there was a marked reduc-
tion =187, in the disrupuve behavior of
five chiidien (S1, S2, S8, S4, and S6) and a
reduction of 39, in §5. Withdrawal of the
Token Program snacased distupuve behavior
from 7, o 159, in these six children, Retn:
statemnent of the Token Program led 1o a de-
urense n five of thoe six chuldren (51, 82, 83,
$1, 85). The disruptive behavior of five chil-
dren (81, 42, 84, 85, and $6) ranged from 89
to 399, lower during the Follow-up than dur.
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Fi1g. 2 Avcrage percentage of combined distuptive behavior of dvur thuldren durning the morming over

tve condiions. Base, Rules. Educational Strudture,
Follow-up.

ing the Praisc and Ignore Phase of the study.
Since un no veeaston did the Follow-up proce
dures precede Token 1 and,or Token 11, this
study dul not demonstrate that Token I
and,or Token 11 were necessary conditions
fur the success of the Follow-up procedures.

In summary, Token I and Token I were
definitely associated with a reduction of dis-
ruptive behaviur, and the Follow-up proce-
dure was effective wath three of the six cul-
dren (51, 52, and 54) who had more than 157,
disruptive behavior durning the Praise and

Piase and Ignore, Token I, Withdrawal, Token 11,

Ignure Phase (S7 had 157, disruptive behavios
duning the Praisc and Ignure Phasc). Token 1
and Token Il were associated with marked
Jeductions of disruptive behavior of §3, but
the frequency of disrupti.e behavior during
the Follow up was not substantally lower
than during the Praise and Ignore Phase. De
finitine conclusions concerning the cffects of
the Token Program cannot be ¢-awn for $5
and 56, althvugh some reduction of disruptive
behaviur was associated with either Token 1
and Token II for buth of these children. In

Table 1
Significant Non-Significant
Token I vs. Withdrawal =330 Rules vs, Educational Structure t=08
Token If vs. Withdrawal 1=29¢ Educational Structure vs. Praise t=10
Token 1 vs. Praise =340 Base vs. Withdrawal t=12
Token II vs, Praise t=30° Token I vs. Follow-up t=1.1
Base vs. Follow-up £=3200 Token I vs. Follow-up t=15
Praise vs. Follow-up t=330¢
Withdrawai vs. Follow-up t=320¢
*0p <002, df=6
*p <005, df=6
Ty
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by 3 Percentage of sombined disruptive: behavior for cach of seven children during the cight conditions:
Base  Rules Educational Structure, Prase and Ignore, Token 1. Wathdrawal, Token 11, Follow-up.

addhition, the divruptive behavior of $5 and
Sboway 8¢ and 200 lew respectively dunng
Follow-up than during the Praise and Ignore
Phave.

Teacher Behavor

On am one day, the percentage of each of
the cight dlasses of teacher behavior was cal-
culated by duviding the number of intervals
i whiche o particular class of behavior oc
curred by the total number of intervals ob
seived on that day, Percentages rather than
frequencies were wsed because of slight varia.
tions from the usual 90-min time base.

The percentuges of different classes of
teacher behavior were averaged within two
major conditions: (1) data before Praise and
Ignore Phase, and (2) data in the Praise and
Ignore and succeeding Phases The data in
Fig -t show that in the Prase and Ignore
Phase. Mrs A iuncreased use of praise to in
dividual cluldren from 120; 0 $17;, and de-
creased wse of criticism to individuals from
2240 10 10% Mrs A also increased use of

v

prane to the dass from 1% to 79, and de-

acased criticism directed to the class from
117, to 3¢,. Because the frequency of threats
was quite low, threats to individuals and
thieats to the class were combined in one mea-
sure Using this combined measure, Mrs, A.'s
use of threats decreased from 59, to 19, There
were no differences in Mrs, AJs use of aca-
demic or social instruction. Consequently, the
changes i the dhldren's disruptive behavior
can probably be attributed to contingencies
and not 1o Mrs. A.s use of cues concerning
the desired behaviors,

DISCUSSION

Although a "Foken Reinforcenient Program
was a significant variable 1n reducing disrup-
tive behavior ia the present study. the results
are less dramatic than those obtamed by
O'Leary and Becker, (1967). A number of
factors probably contributed to the differ
ence in cffectiveness of the prograws. The
average of disruptive behavior during the
Base Period in the 1967 study was 769,; in

10?
the present study it was 539, The gradual in.

M
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hyg 1 Percentage of sarious teacher hehiaviors t in
dimduals and to the dass dunng the aght conditions:
Base, Rufes, Educanional Swracwie, Praise and Ignore,
Token I, Wathidrawal, Token IL Follow-up,

trducuon of the vanous phases of the pro
gram was probably less effectve than a simul-
tancous mtroduction of all the procedures, as
m the previous study. In the carher study, the
cildren recerved more frequent raungs. Fave
ratmgs were made eah day at the meroduc-
ton ol the L3hr token program, and they
were grudually reduced w thice ratngs per
day. In the present study, the children e
ened tour raumgs per day dunng a 2du
pertod. In the 1967 study, the ddass could earn
pomts for popsicles by bemng quier while the
teacher placed ratings in the children’s book-
lets: in the present study, group points were
a0t mcorporated mto the general reinforce
ment program. In the 1967 study, the teacher
attended a veckly psychology senmnar whe.e
weachers discussed vanous  apphcanons  of
learming prinaples to dassroom managerment,
An esprit de corps was genetaned from that
senumar that probably increased the teacher’s
comnutment to change the chuldien’s behay-

ior. Although M, A, received graduate (red-
1 for her extensive participatton in the proj-
ect, she did not attend a semman in dassroom
management. A number of children in the
present study had an abundance of toys at
home and 1t was difficult to obtain inexpen
sive pruzes which would serve as reinfoicers;
in the earlier study, sclection of reinforcers
was not a difficult problem. since the children
were from disadvantaged homes.

Related Gains

Academic, The 11 childien for whom there
were both pres and post-measures on the
California Achievement Test (including SI,
$1, 85, 86, and $7) gained an aveiage of 15
yr from October to June, The mean CAT
score in Qctober was 1.5 while the mean score
in June was 3.6. Althoagh theie was no
niatched control group, such gains are greater
than those usually obtained (Tiegs and Clark,
196%). While such gatns are promising, con:
chusiens about the effects of a token system
on academic performance must await a more
systematic analysis.

Altendance, Comparisons of the attendance
records of the seven children during the ob-
senvational days of the token and non-token
phases yielded the following results: the aver-
age attendance percentage during the 45 ob
servation days of Base, Rules, Educational
Structure, Praise and Ignoie, and Withdrawal
was 867, The average attendance percentage
during the 20 observation days of Token 1
and Token IT was 989, the average artend
an.¢ pereentage during the 26 observation
days of Tuken I, Token 11, and Follow-up (a
sarwant of a token program) was 99%¢. These
attendance reconlds are very encouraging, but
beuause of the usual seasunal variations in at
tendance and the sinall sample of children,
more defimtive evidence is needed before con-
usions about the effects of a tohau program
on attendance can be made.

Cost of Program

The wst of the reinforcers in the present
study was approximately $125.00. It is esti-
mated that 3 hr of consuhting time per week
woald be essential 0 operate a token rein-
forcement program cffectively for one dass
in a public school. The cost of such a progiam
and the amount of consulting time seem rel
atively small when compared to the hours
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psychologists spend in therapy with children,
often without producing significant behav-
ioral changes (Levit, 1963), Furthermore, as
evidenced i the present study, conuol ot
behavior may be shifted from remioreers, such
45 10y, to reinforcers existing within the nat-
ural educacional setting, such as stars and peer
prestige.

Generalization

During the morning. the muajority of the
children were engaged in independent seiu
work, while four or five children were 10 a
reading group wuth the teacher 10 the badk
of the room Although there were rudes and
frequent unstructions during the  morning.
there was itk reinforcement tor appropnace
behavior, since Mis. A, felt that 1t would be
distuptive to the rest of the dass to mierrupt
reading groups to praise chikdien who were
doing independent wuk at thar seaes. Aylon
amd \mn (1961) found chat istructions wide
vat reintorcement had hitde effect on the be-
havior of mental patients Similarly, Rules
wistructions), without canforcanent did not
influence the behavior of the duldien i s
studhy. R

Mis A wasamstructed to praise appropriate
behavior and ignote disruptive behavior in
the morning as well as the afternoon. How-
ever, Mes, Ao atera of appropriate behay-
ior in the moning differed from her aiteria
in the afternoon For example, n the morning
she often wswered questioms when o (nild
faded 1o taise by Tund before speaking. In
the afternvon, on the other hand, she grnerally
ignored a child unless he raised his hand. In
nrder to achime “generahization” of appropri
ate behavior jia Token Program such as thns
one, the teacher’s response to disruptive be
havior must remam constant throughout the
day “The percentage of disruptive behavior
was reducad during the miorming of the first
few days of Token L but the cluldren presum.
ably learned to discnmunate that their appro-
priate behavior was reinforced only in the
afternoon  The differences in the «hldreua’s
behavior between the mormng and the atter-
noon help to stress the point that “generaliza-
tion” is no magical process, but tather a be
havioral change which must be engincered
like any other change.

Q

Aruitoxt provided by Eic:

REFERENCES

\llen R Ealeen, Hart, Bety M., Bucll, Joun S, Harns,
Foranee R, and Wolf, M. M. Effeczs of socal 1e-
forcement on asolate behavior of a nurnsery school
duld. Cinld Development, 1964, 35, 511.518.

\slon, 1. and Aam, N. H, Remforcement and -
stichons wath monal patients. Journal of the Ex-
permmeical Analysis of Behavior, 1964, 7, 327.331.

Becker, W, €, Madsen, C. H,, Arnold, Carole R.. and
‘Thomas, b. R, The contingent use of teacher at-
tention and praise in reducing classtoom behavior
pioblems  Journal of Special Education, 1967, 1 (3).
287-307.

Birnbrager, Jo S, Wolf, M. M., Kidder, J. b, oand
Fague, Ceha  Classtoom  behavior of retarded
pupils with tohen reinforcement. Journal of Ex-
penmental Clald Psychology, 1965, 2, 219 235,

Brows, P and Elhor, R, Control ol aggression i a
sy school dass Journal of Fxperimental Chuld
Psschology, 1965, 2, 103-107.

Hall, R V. Lund, Dane, and Jackson, Deloris. Ef-
feets of teacher attentton on study behavior. Jour-
nal of Apphed Behawor Analysnis, 1968, 1, 1.12,

Huaius, Horanee R, Jubnston, Margaret k., helley, C.
Swan, and Wolf, M M Effects of positine socral
renforcement on regressed crawling of a muscery
school child. Journal of Educational Psychotogy,
1961, 55, 35-11

Hatuis, Horenee R, Wolf, M. M., and Baer, D. M. Ef-
feets of socal remforcement on hild behavior.
Young Cinldren, 1961, 20, 8-17.

Ruvpers, b S, Becher, W C., and O'Leary, X. D. How
1o mahe a token system fnl. Exceptional Ciuldren,
1968, 35, 101109,

Faut, FOE - Psychotharapy with childien. A further
evalu.ion Behaviour Research and Therapy, 1963,
L 1551,

O'Leary, Ko D and Becher, W, €. Behavior modifica-
tien of an adjustment class. A token rernforcement
progiam. Exceptional Chuldren, 1967, 33, 637.642.

Quav B C, Werry, J. S, McQueen, Marjone, and
Sprague, I Remediation of the conduct prob
lem child in a specal class scuting. Exceptional
Chaldren, 1966, 32, 509.515.

Seutt, Phyllis M., Baston, R. V., and Yarrow, Manan R,
Sucal ranfoienant wnder natural condhttons, Ghild
Developmment, 1967, 38, 53.63.

Tiegs. E V and Clarsk, W W Manual, Califarnia
Aclievement Tests, Cotnplete Battery, 1963 Norms.
Cahforma Test Burcau, Monterey, Cahiforma,

Winer, B . Ltatistual grinaples in expertmental de-
sign New York. McGraw-Hill, 1962

Wolf, M M, Giles, D K,and Hall R V. Experiments
with tohen reinforcement in a remedial classroom.
RBehaviour Research and Therapry, 1968, 6, 51.64.

Zinuncnnan, Elame H. and  Zimmeiman, J. The
alteration of behavior i a speaal dassroom situa-
tion Journal of the Experimental Analysis of Be-
hawor, 1962 5, 59.60.

103




r_mm R e - IS T T G4 FAATLTRM WS ATTTER PR AT N T @l niey ST R A TWATER T TTED ATV IR TS TR L e ¢ TR T e T

Educational Technology:
New Myths and Old Realities®

ANTHONY OETTINGER
SEMA MARKS

Many claims have been made about the potential value of modern technological
equipment and techongues for the improvement of education. In this article
the authors evaluate some of these claims in depth. First, they examine
the wsertion that technology will promote “individualization of instruction,”
conbrasting broad daims with a nunvwr 1cality. They then outline some sowrces
of 1esustance that will make it difficult to inhoduce new educational technology
into the schoovls. Fhe authors illustrate their case by 1efenring to two examples of
cducational technology. the Watsrtown (Mass) Language Laboratory and the
Stanford-Bicntwoud C.A.L. Laboiatory. They 1cach the conclusion that the
shortaange claims made for educational technology ae unfounded.

My people budiove that tedinology will revolutionize cducation. A Republic

Stcel advertisement tells us:

somcday a sgle compater will give individaal instruction to scores of students—in a

doscnr subjuts at the samie nm,. L The computer wall vy probuably revolutionize teach

ing—and leatung- within a decade. Jois already happening in its carly stages.
Computenred suucton cus pracially (and pleasurably) allow cach student to Jearn
¢ Adaptia by e Biross from the funtioming book Jiun, Comiputer, Run by Octtinger and

Macks Both e standy dor this book and e sGponses by Suppus and Bodker wore complosad unda
the o paces of the Thnvaad Proguam on Fedimology and Sodety,

HARVARD EDUCATIONAL REVIEW, 1968, Vol. 38, pp. 697 717,

REST COPY AVAILABLE
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more, faster, but always at his own pace. Tndividuahzed nsuuction, the ultimate dream
of effective education, is well within the range of possibility.?

We are also told that through its capacity to individualize instru tion, the com-
puter will redace discipline problems, eliminate the need for compensatory
education, sulve the dropout  roblem, and free the teaclier from administrative
tasks And all this is wound the corner. Or is it? R. Louis Bright, associate com-
missioner for the U. S, Office of Fducation’s Burcou of Rescarch, has been
yuoted as saying that “computers will be 1eady for massive use in the dassioonis
of American clementary and secondary schiools ‘in three to four years.' "2

Our cunclusions, however, after a study of the impact of techinology on
cducation under the Harvard,IBM Program on Tedinology and Society, arc
somewhat less enthusiastic,

Consider, for example, the claim cited abosve, that technology will usher in
“mdividualized instruction, the ulumate dream of cffective education.” The
swstainad differences between pensistent glorification of mdividuality as a goal
of education and s & desired guality of pedagogical tedinique, and the equally
pensistent autocracy and teginentation of the dasstoom deserves examination.
It turns out, as wne might have expected, that the meaning of “individualized
instruction”™ is in fact exceedingly fuszy and of little value as anything but a flag.
This, however, is not apparent i of the literatine on the upcoming “tech-
nological ravolution™ where thie term is used with great abandon and little
definition, Moreover, even if we were to assume o limited notion of trdividualized
instiuction, thare would still rentain very serious probluns of implementation.

A full desription of these problenss would need to touch upon every aspect
of the schigol and its emvironment. Sliort of that, however, vne may appicciate
some of the difficulties of “individualization™ by looking at the moie general
probleac ol technologicl innovation iu the schivols. The reasons for the discrep-
ancy bawean altimate promise and iwuediate pussibility beconie apparent
througlt 4 comparative exatminaion of the properties of a system receptive to
techuological innovation and the properties of school systems.

“Individualized Instruction”

Many psychologists nu s officiudly agree that there are individual differences in
leguing capacitics. There obviowly is also increasing consciousuess that con-

tScientific American, CCXVI (Scpiember, 1967), 13.
*' Lnoimuus Role Scen fur Computer,” W ashington Monitor, November 27, 1967, p. 78.
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temporay education dues uot senve cqually the needs and interests of all groups
in our socicty. Cuntent cducational tlk is thus all for individualized instruction.
But what does “individualization” mean?

A e can be made for defining it ay something like pasonalizing or cus-
tomizing, namcly taking a muss-produced objed wind stauping it with gold ini-
tials or heping chionie on fins to give the illusion of individual taloring. This
is the sense in whith cnment expaimental computer programs greet you with
*“Goad morning, jolinny™ by filling in the blank in “Good morning, * with
the nanic you had to give to idautify yoursell to the machine in the first place.
This is more genteel than “Do not fold, spindle, o1 mutilae!,” "Hey you!” or
“Good to scc you, 367 A 15096." It iy, however, just as superficial, even when
randomly selected variations heighten the effect of spontaneity.

A lofticr interpretation postulates that individualizing means giving full scope
to idiosyncrasy, to the ficcdom to puisue whatever subject suits one's fancy in a
manner entircly of one's own choosing.

To curtemt practitivners, individualization mcans much less than pure idio-
synatasy but usually morc than goldon initials. Precisely what it means is rather
in doubt:

During the past decade, the tenm “ind vidualizing insaucion™ has become a watchword
with educational iefoimers, Fwo et yrabooks of cducasional orgazations have had
this term as tide L. Oddly, both solumes were writien as though crayone knows what
individuadization micaio sinee nathiar of tham ofters « working definition of the term. In
pointof fact, thare is great confusion?

In spite or because of its obsuie acaning, individualizad instiuction is held
up as a panacea for the ills of education. Speaking on the 101 (Individually
Prosaibed Distruction) Project at thic Oalleaf School, Bright eaplains why
federal officials are so enthusiastic about it

— - -Youngstas of all ubility Juveds would leain more. And they woukd enjoy school far
moi¢, thus reduang discipline problems,

—— - There would Lo 1o nedd fur compuisatory alucation for deprived cluldren, on
which the Fadarad gosernment nuw is spending $1 billion of its §4 Inllion annual
education budget.

2 Chon Heathas, “Indinviduadizd Instruction,” in U.S, Congross, Senate, Commuttee on Labor and
Public Walfarg, Subvomuuilid on T datation, Notes and Workiug Papers Concernung the Admuns.
tration of I'rograms Jutharicad Under Title 11 of Publc Laa Sg-10, ©he Llementary and Sccon-
dary Fiducatton At of puos av dmendad Iy Publie Law $y-550 (Washington: U5, Government
Printg Ofic, 3967), Chapter 7. Section B, p. i38, This acport is herafter ated as Notes and
Worlng Papers.
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-=——The dropout problem would lmgely be licked. i
- Teachers woull cease being e dispunscs of infotmation amt would be free to
wtor students individually aad cncomage youngsters 1o think und 1o express
themsclves,
farcnts could take children vat of school fur vacations any tune during the year
without disrupting their learning process.t

The IPL people themselves desaibe their work in a mudh more modest. and
scholarly fashion:

The project’s coteean for the individualication of 1ates of progiessivn should not be taken
-8 & judgment that this represents an attack on the most imponant aspeat of individual
diffirences. Tt reprosents a dedision to make a tatha imtensive study of a school program
which concentrates vu this one aspect. Other aspears sead, as differences 1 mterests and
in other personai yualities may be (qually impuitant vi vven more nnportant, but this
project, at least for the proseat, will wnearn iscdl Lugely with the ddfferenuation of
rates8

Lindvall and Lis co workers thus dearly recognize that progression at one's own
rate is only one facet of any rewonable concept of individualized instruction.
In this case, the mistepresentutions arise when others equate the part and the
whole for public exposure and consumption,

The extent to whidh a student may deviate from a given course, in cither
content or style is also limited. The IPI program spedifies a sequence of be-
haviotally defined objectives for cavh subatca in the subjects involved.

Fachv objuctive should 1l cxantly what a pupdd should be able to do to exlubit his mastery
of the given content and skill . ..

Objectives should be group:d in meaningful sireams of content . . .

Within cachi sticam o1 area the objedtives should, 1o the eatent possible, be sequenced
insudh an order that cach one will budd o those that precade it and, an tarn, be a pre-
1equisite to those that follow. The goal hiere is 1o Iet the vbjectives constitute a “scale™ of
abilities . . .

Individuadly Prosaibed Tnstrucivn lusson atetiah must be gearad exaatly to the in-
structional objectives.s

*“ludividual Teaching Plan Excites Experts,” Boston Globe, October 5, 1967, p. 42.

C.M Lindvall (), Befoning Llucationol Objes tions, sopost of the Regional Gomnussion on
Educational Courdination and the Leanong Riscarth and Dovelupmant Ganes (Putsbiagh, Pa..
Univeraty of Pribuigh Press, 1964). p. 4.

* Rosaich for Buttai Schouls, Indicidually Prescnbed Instrsction (Undatad manusenpt, Phila-
delplua, Pay, pp. 3+4.
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If. ws iy ttud of Wl computcriad systans of *individualized” instruction now
visthle as prototypes as wdl as of many others based on eaplicit definitions of
*biavoral abpoanes (BO s, the intant s to instruct students in sueh a man-
ner that all will aducve a finad loved of competency whidh meets (o1 surpasses)
we same ot of ninally acceptable paformance aiteria, with vatiation only
in styl, spead, or levdd of aduaauant, the objedtive cannot be the cultivation
of 1Whiosyrerwsy. B s, tatha, whae an industiial cngneer might ¢all mass pro
duction to martow speafications with rigid quality contol, Each pupil is free to
go more or less rapidly exactly whege Lie is told to go.

Staantic pavasion thadore tands 1o mask the fact that the techiniques now
Leing daveloped may have great value in training to very natow and specific
“bedunioral objeannes but do ot addiess thanscves to the many broader but
just as s problans of edacation. Training to minimal competence in well-
defined shalls as vay impurtant in o aaricty of militaty, industrial, and school
settings. Jt s not, lionevar, the whole of what the educational process should be.

Let us anune for the raument tiat an dfective cunticaluna las boen designed
whidh docs in fuet provide for the types and ranges of leaner variability en-
compassed by the school, What about implementing it?

Allowing studenn to gu at their own rates creates certain problems even when
alt studens wie dacad towand the same presaibed namtow goals, In a con-
tnoaws progleos, wukgladead Quitonne at, the diildien move onwand according
to thar tcadines to proceee Laca il spaads o diffaont sinount of time with
i of diffaen ustractional tooutas, The task of matching time, instiuctors,
fuiliues, and students ahicady requinG mnd effors acd eapense in precent educa
tional novtunons e s sull morc diflicule whien schieduling is on a “continuous
progress” hasis.

Patiack Suppes of the Bicntwound Schiool has found that when siudents aie
given the opporianity to progies at will, “the 1ate at which the Inightest chil-
drcn advancd may be five w ren e faster than that of the slowest children,?
Althuughi he bogan with w group of students “sery homogencous in initial
measures of abihty”™ (IQ 1auge from 122 to 157, with a mean of 137.5), after a
year and a half the spread was *“almost two years,”8

 Patick Suppes, The Uses of Computass in Educauon, ™ " anbfic American, CONV (Septen
ber, 1466), 218,

Pannk Supprs, docdderatad Program on Llementary School Mathematis— The Second Year,
Todunal Ropuit ne, Bu \Sunfunl. Calif.. Imtnute for Mathunatical Studses in the Social Sci

cnees, 1963), p. 1.
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A computer simulation done by the System Development Corporation points
out that two schools in different parts of the country which lad independently
experimented with a continuous progross plan for four years “ladependenty
decided to place their slowest students back in a loc Kstep group plan.”?

Once rewson why the luckstep system has persisted for so long may be that it
minimizes the teacher’s information processing problems. Students progress in
unison; they are given identical assigninents wind they take tests sinultancously.
In the continuous progress plan school, on the other Tand, at any one time
cach stndent may be working at « point in the curriculum different from
every other.

Thus, each student’s states must be tacked indisidually. To complicate the
matter still further, the reccrds must be kept in “reai-time,” i.c., at any time,
ot just weekly or by marking periods, the student’s status as & learner must be
available to the dedision maker, be it computer or human guidance counselor.
Ar effictive monitoring device and evaluation scheme must be built in, because-
otherv ixe it would be impossible to hnow when to schiedule a student for, say,
extra help. Exttapolation frum the SDC simulation suggests that “with a popu-
lation of guo students, there woulsl be from 30 or v changes between courses
and about 300 mastery tests daily.”™

Although dasstoom sdlieduling by computer is advertised as a fait accompli,
this is true only in the 1ratlier 1estricted sense of assigning students to conven-
tional classroom groups and insuring that the number of groups matches the
number of available teadlicns, and that these groups and teachers fit into availa-
ble classioums. The whole operation typically takes place once a term. This,
however, is a far cry from keeping track of individual students week by week,
day by day, hour by liour, ur minute by minute, and matching them in turn with
resources themselves parcelad out in smaller packages than teachers per semester
or roous per semester. Keeping an accurate real-time list of teachers, rooms, and
mediais a major imventory control problem, of @ type at the edge of the state
of the coniputer art.

Thus, we 1emain at quite some distance from implementing truly individual-
iced instruction in the dasstovin and begin to become aware of the difficulties of
integrating technology into the schools on a large scale.

*Jolin E Cogawdll, Analysis of Instructional Systems (Santa Monica, Cahf.. Systetn Deselopment
Corp . TM-1y63/201,00, 1966), p. 183.
°1bid.,, p. 42.
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Systems and Schools

Cowputers are not now the great indinvidualizers of instruction and may never
even be useful in the schools unlos thee schools are drastically reorganized
aml uppropriately Landad to absorh refurnm, The disaepancy between ultimate
promse amd inniediate pusibility Lecomes apparent in a comparative examina-
tion of the propertics of schoul systeins and the properties of other sodial systems
that have proved to be receptive to inmovation.

It is ditfcule to comprehiend the boundarics of the so called “schoul system.”
Ouic of the most stihanyg featines of the cducational network is the complexity of
multifarious linkagos betseen vaniows dements of society and the school system.

A change in the school hours affcets not only pupils and school personndd but
every child’s mother You intruduce the “nes math” aml shake up every parent
in town. Ability grouping invites federal comt decisions puohibiting it. If part
of the tgh schivol Lurns down, 1tinay be chicaper for lucal taxpayers to build a new
one because the state comnibutes twnard costs of new constrution but not of
tenovation. An eapannent with new curnicula raises the specter of low per-
formance on college boards. And, most obviously, the people who make up
cvery other institution from the family to the Presidency are products of the
school.

Granted the complonity of the system, it becomes obvious that any change in
the schools which alicrs ur even tliucaens to alter established linkages between
the schioul and any othor segment of sodiety will meet at best with the delays
inheicnt in explaining any change to those affected by it and at worst with
stony 16sbtance. Whenever ond of the seginents of socicty with which schools
Interact sces it in its meret to press for change in the schools, then the schools,
if anvious to acept the dhange, must in turn still make their peace with other
linked segments of sucicty, if the diange secems undesitable to the schools them-
sehves but the pacssures are strong, the schools arc likely to adopt evasive tactics
whidt stuggest the form of change without commitmuent to its substance.

There is, in fact, widespread aitical vpinion that this indeed is what happens.
We recad, for instauce, that:

Boston —and other Loy —hke to 1l imovation. Tunovation has become fashionable and
profitable. The fedaral govarmnant will pay for aliwost anything billed as new or experi-
mentad, In the past two years more than tnwo allion dollars have gone to programs as-
socated with educativa for  disudvantuged youth™ Around the urban schools are nag-
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nificent neckles of special programs, head starts, pilot schools, enrichniene dlasses, but
the body of cducation and the results prodiced remain almost unchanged. In Boston,
which has cnough trial programs and experiments to Gl a book, the hife of the average
child in the average dusstoom is vistunadly unaffcaed. The teachers, the curricuhnn, the
school committée are the same, The buuks are the same. The auitudes are the sune.t

\ shitto a placs we shall call Small City provided an example of this phenom-
enon Overhiead projectors were introduced into a brand new high sthool o meet
the emagengy areated because blackbuards had not been delinered Lefore the
opening of school. Schvol officials provided cnough overhead projcctors to have
approiiiately one fur every two dassroons. These remainal even after the black-
boirds came, but older teadiers who had complained all long that they needed
4 pihHt’s Liense to wse those gadgen, promptly abandoned their use. Although we
were told that the younger teachiers had been enthusiastic about the new devices,
we saw no evidence of anyone using them in any classroomn.

Not all Ldlures to integrate new hardware into the educational system result
from the innansigence of teachers, as the following obsersation suggests:

The shop scemad well eyjuipped ol e stundand wood-working hand tools and also
with an impressive ariay of power tools, induding three lathes, a planer, a joiner, a
sander, nd & drill press. Had we been walking through on a more superfiual tour, we
woulld have remainald deeply impressed, but when the shop teacher caught our glance
toward the equipment, he quickly volunteeral the informavorn that the tools had been
standing there for a year and a half and wore uncounected to any power sonrce. He also
pointed 3 4 stack of cleutrical wabling conduits on top of one of tie cabinets, which he
said reproscnted some $8o0 worth of cleurical equipment necessary to connect his power
tuols, bat had Liin in its resting place fur an cqually impressive number of months. With
some bittctness, he attributad this sad state of affaits 1o the fact that the enure school
system has ouly four electricians who, at Chrsunas time, damn well had to go and get
the mayor’s Chrisuuas tree Lt up. He abo tohd us that the work benches, which were new,
had been vn urder fur ten years. The machine wols, he said, had been ordered a tong
tue ago and appearad ata time when he had given up hope, but this manna was un-
accompanied by the juice necessury to wash it down.12

Unfortunaicly there is & rather large step to take between the act of recog-
nizing that because the schools are tied to many apron strings they find it hard
to change and the acquisition of sufficicnt knowledge about the strings, what

Y Purer Schrag, Village School Douwntown, Politics and Education—A Boston Report (Boston:
Beacon Press, 1967), p. 17,
"Authuny G. Octtinger, "Visit to a Small City” (Unpublished memorandum, 1967), pp. 20.21.
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they are made of, Liow they e interconnected, who pulls them, how much they
can stretch, ete, to proude first, wadenstanding, and sccond, rational control
arud direction towand agrecd upon and well defined goals. This particula aspect
of the schionl sysiam dues not augar well for the introduction of technology. 1f
we compate the orgatsaational structure of the schools with the structure of or-
ganizations which have suceessfully integrated advanced techinology into their
funcuoning, 1t becomes obvious that the educational system is far more com-
plex than anything we have hithierto tackled — air defense systems, moon shots,
and air, 123}, o1 commuticauon networks notwithstanding—and that, in addition,
we nave far less knowledge of its component parts.

The syston whidlis amenable o the inuoduction of technology is characterized
by (1) enough wdcpendonce {tom the other systans related to it for interactions
with these systems e be satisfactorily accounted for or ignored, (2) well-developed
and rehable 1ccarddiand design wols, and (3) most impot tant, goals which are both
well known: and specifiable,

School systerms, on e other hand, are dosely tied to society. Research findings
on significant educational issucs are fragmented and contadictory, and we have
already noted the difficulty of dufining as vbvious « goal as individualization,

It somcuimes apprars that eaistng Amenican pohiical and sodal systems have builtin
deferses against buing ucated as systerns, for purpuse of analysis or proLlem solving.
Socially and polincally, we hase substanual dewentralization and localization in ow de
asivtmahing stecture gnuch diffacnt tian the hicraachical structure iu the defense
establishment).'s

There is notlung in education remotely approximating the Secretary of De-
fense ov the Juint Chicls of Swafl. Ratlier, there are 27,000 local autononious
school districts and conesponding school boards.

The schivuls are vver centralizad in the sense that universalistic practices, the standard-
id curzicudan, and hie windua of progians of school community relationships from
the central office aid boaid rosulc i vbvious difficultics in adaptiug 10 e different prob
lems of sarying sagliboihoods ... T Cliicago, the ueal arca supetintendent is to “run
Ins own distiiet, but contiol ovar budge, staffing, and so on is still left downown. The
schouls art abo vador centialized an thic sense that at s difficult for deasions made at the
top of the vigamization  beeonie vpaativnalized lowcer in the organization.t4

B John S, G, et al, Defense Systams Resowrers in Jhe Cival Sector, preparcd for the U.S.
Ay Gositrup < od Bisainamont Agoncy (Washioglon. US. Gevarnment Printing Office, 1967),
p- 65.

8 David e, Public Fluauon and Soual Wllare in thic Mctropolis,” Working Pap 0. 69
{Chicago. Center for Soual Organizarional Suudics, 1966y, p. 2. *
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It is chfficult, for example, to find an appropriate audicnce 11 the schools much
less to find a source of funds and still less a boss to satisy:

[his problem of Wentfying and determaning how most effectively o addiess each audi
ence 1s mudh more severe 1 the vl sector than it is in the military envivonment. The
hierarchical andd authonitanian structure, as well as the often dlawified nature of military
systerns contracts, precdudes much public debate wid ninimizes the numbar aud variety
of authiences for the report. Yet, almust all civil sysiems worh must be responsive to many
sets of requirements and many awdiences—a problem which constitutes much of the so-
cilled commumeations gap between defense systerns people and civil servants.'s

In contrast to the nuhtary environment, where decisions often depend on ob-
scure hnowledge and secanity regulations furthier narrow the scope of debate on
a given proposal, schools are « familiar experience for everyone and conscauently
nearly cveryone has an opinion about them. Clearly, at least the school board
must be comvineed of the value of going ahead with an inunovation; in Boston,
for wnstance, vie would lasve to deal with Mrs, Hicks. Appearing at a mecting
1 Dorchiester “shie declared that there will be no redisuicting, that the state sug-
gestions were ‘miade by a cumputer which didn't take into consideration the cno-
tions of the atizens.” "1 This hind of bairier is impervious alike to the crew-cut
ex-merchant of death and the bearded academic zealot.

Even af the decision to innovate were handed down from the school board, the
task of 1ntegraung and adopting the new technolugies would be left in the hands
of the teachers. .

If there 15 one tung the teacher, particularly the § naale teachier, is not, it is an engineer.
Tudeed, 1t ts diffiecult to think of (so workd views furthier apart than dise symbolized by
the Golden Rule on the one hasal and the shide rule on the other. The one calls to mind
adjectives such as romantse, warm, tender minded, naive, the other calls o mind adjec-
tives such as reabistic, W, wugh-nunded, cficicnt. Ouc is esscutially feminine, the other
ntsculime, These two hists of adjectises undoubidly exaggerate the real differences to be
found Letween these two groups, but they do gine us pause when we consider the likeli-
hood of mercasng the datogue betneen the tendetminded teachers and the tough-
muded techmcans, To sty that they do not speak the same language is a gross understate-
meat.t7

B Gilmore, ¢t al., Defense Systems, pp. 53-54.

" Schiag, Village School Downtown, p. 126,

s Phabp W, Jackson, " The Teacher and the Machine, Obscrvations on the Impact of Educational
Iichnology, prepared tor the Commutie for Economic Develupmieat, Scptember, 1666, p. 7.
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In addition, .f classioom teachers are only mildly intcrested in particular tech-
niues it i unlikely that thosc techmiques will enjoy rapid and widespread
use '8 These sbservations e comistent with om own conerning resistance o
the use of overliead projectors cited carlier.

If. indeed, it makes sense to introduce advanced teclinology into the classroom—
and we will assume this purely for the sake of the present argument—then massive
education and 1¢ education, by insenvice training or dwing sabbaticals, will be
necessary 1o produce a bieed of teachicrs who can feel at home with technical
devices Yet no viable mechanisms have yet been developed for the 1etiaining of
teachars As Davies says succinctly, "inseivice teache training is the slam of
American cducation.”™ But even if theie were people in the schools who could
deal with the new tedmology, it is the children who matter in the last analysis.

Equipment to date does not meet the demands of the school. Although the
manufactmers would like to convey the impression that all one need do 1o install
a compurzr system is “plug it in,” hnplementing the “new technology” is a
nontivial tash even in firmly established computer installation. A recent edi-
torial in Datamation colorfully desctibes the results of listemaing “to the siren
song of the salesman”;

Those moans, groans, sobs and whimpers you hear fiom the big coiner ofiice down the
hall from the beautiful, clean, glassenclosed shrine they call the machine 1oom are
coming not from children but grown men, grizzlad veterans of the edp wars, proncering
heroes who are trying to make their large scale third-generation systems work.

The problems and the agonies have to be lived with to be believed . . .

Remember, this is 1967 Thid gencrationsville. ‘The people we're talking about have
been through 1he conversion snarl before. They are espenenced and knowledgeable.
What in the hell is going on here, anywayz20

Reliability is a problem with even the most modest of devices, as anyone will
testify who has had a picce of chalk Incak in his hand or who has cursed a skip-
ping ball point pen The schools are not accustomed to dealing with anything
less reliable or flexible than the blackboard.

The blackboard is literally at the teacher's fingertips. He can write on it, draw on it,
immediaicly erase what he has written, or preserve it for days. He can scrawl key words

wIbid., p. 8.

*Don Dasies, "Teacher Education,” in Notes and Working Papers, Chapter 15, Section B,
PP- 295-30¢.

*"EDP's Wailing Wall,” Datamation, X111 (July, 1967), 21,
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on it. produce a detailed diagram, or write out a scrics o wssay yuestions, He can use the
board himsclf, or ask his students to use it. He wan place material un it in advance, or
we it to captuse the flecting and cplicmeral thouglits anerging frum o discussion. Given
this flexibility, it is no wonder that the chalk siudged sleese has beewme the trademark
of the teachier.2!

Perhaps the best example of equipment in common use that must meet the
same standards of reliability and dicapness as educational cyuipment is the
telephione. This instrument is so widespread that it must lewd itself to operation
by practically anyone, under the most varied emvionmicutal conditions, and it is
frequently subject to vandalisin. Just how major are even the most mocent lovking
engineering improvements necessary to achieve this degree of reliability may be
illustrated by the example of the teleplione dial, which has been in continuous
development for well over twenty-five years.

A new dial has been doigued with slightly less noisy gears than the dial now
in eaistence. It is to be somewhat more reliable and longer lived than its
predecessor amil somewliat less disturbing as « wontributor to room noise. This
“minor” change is the product of a year and a half spent by three design engi-
neers and an expenditure of about two million dollars for 1ctooling the manu-
facturing plant! The difference between a laboratory prototype and a reliable
instrunient amenable to wide distribution under severe conditions of use must
therefore be measured in large multiples of such human and dollar costs.

Current experience with teletype terminals for computers suggests that tomor-
row’s logs miay well include entries about chewing gum in the type mechanism.
Those with graphic terminals are learning that a deposit of e wan interferes
with the operation of light pens. Since the grass always looks greener on the
other side of the fence, we may look with confidence towaid the early develop-
ment by bivimolecular genetic engineers of eatless and therefore waxless pupil
sysrenis.

Our general conclusion is that the observed combination of institudonal
rigidity with infant tecinology will precdude 1eally siguificant progress in the
neat decade if significant progress is interpreted, in accord with contemporary
literature, as widespread and meaningful adoption, integiation, and use of tech-
nolugical devices within the schools, In addition, this discussion should suggest
the enoniwous difficulties that will have to be vvercome if educational technology
is to be introduced in any decade in the twentieth century,

*t Jackson, *The Teacher and the Machine,” pp. 3+4.
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Two Examples

To illustiate concretcly some of the general arguments made up to this point, we
would like to exaniing two specific inscances of the use of technology in educa-
tion” & Llinguage Liburstory cuneutly operating in the Watertown, Massachu-
setts, Public Schools, and the Stanford Brentwood Computer Assisted Instruction
Projeat.

The La nguage Laboratory

The choice of the language labutatory as an example deserves some explana.
tion Itis a good exanple of a bianh of educational technology whose adoption
is sufficiently recent for the sound of drumibeats and promises still to reverberate,
while, at the samc time, enough language labotatuiies are now in enough
schools for x realistic assessmeut to be possible,

Since it, too, has Leen teuted as leading to individualization, we should be aware
of the possibilitics for penversion. The Raytheon brochure adverusing their “Ran-
dom Access Teaching Fqguipment” states:

RATE 5, stems wic tailored to the indivilual student's progaess, as each posiion permuts the
instructor to gauge the progiess of all students on an individudl bass, 1 herefore, the en-
tire class is not limitad 1o the leatning cipadity of the slowest meinbers, tius permitung
fast progress through any given area of insttucnon when possible.

A tip out to Watertown igh Sciool, where the system s operative, pro-
duced the following set of Language Laboratory Procedures:

Watertown High School Language Laboratory Procedures

1. The equipment in the liboratoty is not like ordinary tape recorders. The principles
involsed arc quite diffcrunt Please do not ask unnccessary questions about its operation.*

2 .....

8 No Looks, pencils, pens, papers, pocketbonks are 1o Le taken to the booths. Pcople
assigned o the first 1ow will leave then belongings on the bookcase at the left front of
the 1o undar the windows. Those assigned to rows B through E will leave their ma-
terials in the bookcase under the blackboand a the opposne side of the room, Take only
yourself to the bootl.

4. You will stand quictly behind the chair at your booth until the teacher asks you to
sit. Then sitin as dose 1o the desk as possible.

5. No one is an indiidual in the labwatory.® Do nothing and touch notling until in-
structions arc given by the teacher. Then listen carcfully and follow directions exactly.

¢ Lalics added.
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§. If you find anything out of order in your bootl, report it to your teacher iminedi-
ately, This is very expensice cquipment. You st take prude o it by giving w the best
of care.

Good luck to youl

Perhaps the statement that “no one is an individual in the laboratory” is an
oventatewent. We learned, for examiple, that the laburatory contains student
booths, cach cquipped with a tape holder, The system provides the optivn to
subinit up o five independent inpats to the students. We were told, however,
that this apacity is raely used. There 1s dufficulty, noted by the students as well
as by the teachers, in picking materials that are relevaunt to what goes on in the
cassroont. The problem of maltincdia ttegeation, reflected in such time-worn
complaints as that the reading in the textbBook has nothing to do with the lec-
tures, will nut be autvtnatically ainelivtatad by the inttodaction of mote Wdaborate
techinology, The point is simple. if it s hand to pick oue set of tapes, it is still
harder to pick five and o monitor the progress of students proweding on five
different tracks.

We ate told by Rubert Locke, senior vice president of McGraw-Hill that the
“language Libs have taken over the diill and lefe the teachier to do the things
she's trained to do ... The children, of course, lave gained cnurmowsly because
now they can be expused to the language as it vughit to be spoken, and they can
praciice thicir own specch without the enbartassment of doing it in front of the
whole class. It's like singing in the shower,”"22

However, the fuct retnns that one teachicr can give cacli of thirty students
at wost one and a third o two minutes of attention in o forty to sixty minute
period. Consequently, private schivols tend o design their linguage fabutatories
for fifteen rather than thirty stuwdents, ‘1 lic common notion that the inttoduc-
tiva of wehnology necessarily ciunges education from & labor intensive to a capi-
tal intemsive activity is therefore not borne ont in this case,

Neither has the Liboratory climinated the problem of student motivation,
One language wordinaor confided w me. “The linguage laboratoty is a mag-
nificaat envitonment for daydreaming. Kids who are used to having blauing
transistor radio, aound them every waking moment have trained  themselves
to igrure anything coming mnto thar cars, and thetefore liem very little of what
comes out of the earphones they wear in the language lab.”

2 Robart W, Lodhe, “Rduwitional Tedhinology,” talk prepared for didivery ai a Convention of
the Chicago Educational Publishets Associauon, November 16, 1966, p. 8.
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The difficultics lying in the path of realizing individualization ae not gran-
diosc, but rather are the acoumulativ of a mytiad of minor frustrarions and
imadequacies which, in the aggiegate, acate a problems whose complenity lics
far beyond that of any system design problan with which modern technology
has successfully grappled to date.

Hard design lessons must be learned to produce equipment that will stand
up under the kind of use that appears to be nonmnal in schools. The phe-
nomenon is not restricted necessarily to secondury schools or to schools which
are in an arca whete the auditorium must be padlocked o maintain security.
Onc problem, for uxamiple, is that stadents will pull wires out of head sets!
While it is standard on many appliances designed for liome, industrial, or mili-
tary usc to supply control knobs that are hedd on a shaft by a spring and thercfore
pull off with a 1easonable amwount of foiee, this a dearcut invitation—if not
necessarily to vandalism—then at least to absont-minded, but nonetheless destruce
tive fiddling.

The opaating problems are iought home by a casual look at the teacher's
log. It shows the following sprinkling of cntries:

Not working at all, not audio active, tape cirtiidge doesn’t play, no hook for hzadset;
button missiug, could not hem tape, blue ink marks on wpe drive, scratdies on tape
drive; some spors of missing paint on desk; blue ink mark on desk,

Thus the likelihoud that Watcztown will be uflccted substautially by such new
technology withiin the next decade is exceedingly small, for the problems of engi-
neering the transition from laboratory (o miass production have only barely begun
to be faced, the cconvniics of seale necessay to bring costs within reason can be
raalized only thirough muassive production and standardization, teaching matenais
to be used with such systems exist only in bits and picces, and the people tapabie
of forwarding the state of this art we wocfully few. Morcove, no one has yet
facedd the scheduliug probloms catailed by even this limited amount of individual-
ization. As the evidence of the Systems Development Corporation studies and
the Bientaoud experiment points out, the 1ate of spread of even an initial-
ly uniform group of studunts is enormous. As a consequence, just as Water-
town has been unable to take advantage even of the icstiicted unount of
flexibility provided by its language laboratory wquipment, so it is highly probable
that Watertown or .any other school in the neat decade will be unable 1o take
advantage even of the pacing flexibility of compaters without the kind of major
administrative revolution that scems conclusively blocked by other factors in so
short a time span.

Rt
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Stanford-Brentwood

And yet we are tolld on a visit to the Stanford-Brentwooud CAT Project in Palo
Alto, Califurnia that "The Stanford Brentwood Computar Aided histtuction Lab-
oratory is the first to be an iatepral part of a public schoul™, however, we
then learn that the computerized dasstoen at Brentwood is in a separale win-
dowless bielding on the grounds o1 the Brentwoud School, This Luilding was
erected wath federal funds and is dedicated entively to the puiposes of the ex-
periment. It indudes « set of offices, a conventional madiine 1vom whare the
prinapal conponcnts of the computer are howsed, and a dasstoumn with carrels
holding the individaal counputer teaching terminals, There is also, immediately
adjacent 1o the computerized dasstoum, a comentional dassioom with low
tables and chairs and a blackboard.

The public explanation of the project is given in the form of a scrics of
questions and aswers, such as the lollowing:

Q: How does the laboratory fit in the organizaion of the school?

A. The school serads duldien o thie laboratny at regalar periods cach day, The chil-
dren stay for o hadf hour to atwly ather tcading or madematios atd at the duse of the
petiad retann to therr own isstooasns, For the fist year, there will be aighe half hour
periods per day.

Q. Will the classroumn teachiers go with their children to the CAT laboratory?

Al The laburatory can handle ouly 16 duldiai. at one ting, so the dasstvom teacher
ordinanly stays un lier 1ovu, 10 work wudi the dubdren who come o the laburawy dur-
ing anothu penod. The Libutatory s always open to the teachars, and they ficguendy
cowe to ohserve.

Being “an integral part of a public school” theefore mcans having a care-
fully inmsulated facidity on the sanie grouuds as the school, The Liboratory essen-
tally guarantees that the children who we delivered to it will be kept there for
a full Lalf howr, come what may. Thus, the ramaindet of the school is carcfully
insulated from possible schedule distuption effects. The insulation is provided,
atong vthicr things, by tic comventional casstoomn wljueent o the cotputerized
clisstoomt, when the wachine is down, the diililien are taken into that room
and teught o antased e comentiomal ways, wirtil the guarantead thine period is
up. It is thaddore rishy to generalize from this eaperimental set up to .rbitrary
school em ironments.

That the situation is artificial in other ways is revealed by the following
questions and answers:

O
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Q: Who opcrates the laboratory?

A+ The Laboratory as oparated by the Institute, “There are specially uained teachers
and computer techmcians on duty at all times during school hours.

Q: Who supervises the childsen while they are in the laboratory?

A The Institute’s stafl incdudes exparionced. centified dementary school teachers whose
main job is to supervise the children and help them use the systen.

Q' Do the teachers who will be in the laboratory need special uaming?

A* The laboratory teachers nanst hiow the cuniculum material thoroughly and must
also be nained w operate the CAL system,

Q How long have you been davdoping cunicalum materials for dus project?

A: The Brentwood CAL Project began in Jung, g6y Howerver, prersonncel of the Ine
stitte have been imolved in deseloping leamng maceials for younger cildren for over
10 yeais.

Suppes, who smely is awae of the problems 1aised in these questions and
answers, nevertheless states that “the truly 1evolwtionery function of conputers
in cducation ... les in the novel aea of computer-assisted instruction.” He
admits, however, that *"This role of the computer is scarcely implemented as yet,” 1
agree with both statancents, althiough with some resetvation about the fust. He fur-
ther predicts that “assuming the continuation of the present pace ol technological
development, it canuot fail to have profound cllects in the near future.”?
Without more detailcd specilication of the nature of these cffects, such a statement
is indisputable Whether the effects will be significant to education is very much
open to guestion.

The Bientwood experiment itsell is wiscly limited to what Suppes calls “drill
and practice.” It cannot be over emphasized that major problems of integration
and training arise even with this welatively simple and clementary kind of com-
puter usc,

The Brentwood system, as it cuniently stands, can store only a limited segment
of the mathematics and reading program at one time, Hence a new pupil cannot
ener a group which has heen working on the reading program for a year and
begin from the beginning  that pat of the couise would liave been removed to
provide room for Liter lessons. Of course, a past lesson can be reintroduced for
this studenc if the operator has been notified in advanee, Given the current
conditions of computer operating systems, such jugglings are not necessarily
trivial. In the fotue, scaling up to Suppes' “millivus of school children” will
lead to fumiliar diflicnltics,

*Suppes, “The Uses of Computers,” p. 207,
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Sularly, «f the aclueyement spread of stdents using the 1cading program at
any one tine weee tou greal, it would sery likely be impossible for anyone to use

the anthmetic sequence. Onee again individualization now mcans at most pro-
cecthing at one's carcfully syndhironved individaal pace thiough cithar the et
rently avaddable teading ttcrials o the curtandy available adtlunctic materials.

Lot us now postulate that, in order to achicse cconumices o the immediate fu.
ture, « burge cential instidliation s provided to serve many schools. If the central
cyrupmient operates i the same e as the Brcatwound eaperiment, then every
il every school can have aceess to a particular instructional sequence at
those, atad only those, tnies slan the sequane s schicdnled for presentation.
Lius, of counse, 1 precscely whee we left the Watertown language laboratory.

It may be doned that « duld who has missad a session be able to return to
vontnue where bie loft off whioaa the paraouka subject matter is next availa-
ble on the computer. The sheduling problems e obvious, and the whole
sttuation s tosuusaent put only of the inguage Liburatory amd s cwbellish-
ments, but of the cfort o provide dasstoont insttaction via tzlevision fiom a
cential studio on aventral sonree of video tapes.

In all furness, the computer system does lave one important advantage
wer contral awbio ot tdevision systems, With the latter, the progiession of a
given program s inexotable, by ad Lage, and the student who has missed a
prae of a Vrandh lesson s vat of step with his class for thie rest of the sexion.
1o the extent that the individual pacing aml brancliing features of the drill
anl pracuce systens ate suceslully wcalized, this particular liwitation need not
apply witlun a sigle sesion witle a program designud for as homugencous a
group of students as computer memory limitations dictate.

Neverthicless, we must eaaming the comsequeices of providing drill and prac
nee a4 vanety of subjects simultancously. After «ll, we have heard carlier a
confident prediction that “somcday o single computer will give individual in
st tion tu sees of stadents -in & dosen subjects at the same time.”” “The al-
termatine of tying to present a dvzen subjects in sequence, one at a time,
leaving o oppottunity fur repeats, implies predisely the present mode of lock-
step scheduling,

Eien to provide a4 computer system with these limited capabilities to a large
number of schiool syatens, huneser, seems entitely unrealistic in the light of the
estimated costs mnvolved. Costs estimates for stadent use of a computer terminal
range from S$i.qo to $7.00 per hour. The lower estimate scems to be based on a
number of untcalistic prawises and the latter seems cuser to the truth. But even
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$1.40 per student howa looms la:ze when vne tealizes that a typical school system
like Watertown spends only $g.uo ez year on books for cach student, ‘The hualk
of its school budget (slightly vver 8o per cent) gues fun salanies. Of coutse, it is
the clim of sume that tedimolayy cn soplace the human teacher, thereby cut
ting this expense and palaps ficeing money w pay the computer bill, Even if
the tedhnologist comvineed the teachers’ union that this was a wise course, it is
unlikely that he oull make do with fewer teachars, Neither the Watertown
language Libotatory nor the Brentwood Project has resalted - any maupower
reduction,

The Longer Range

It is cutious that, in an aa whize the great and wndeniable power of science
and technology in certain tealms is sean by some with cotasy and by others with
horrot, we should be stuck through plain, old-fushioncd 1gaorance. What holds
back progress in education and in othar types of social problans s not that the
scientific method has failad ws, but rathicr that it has so fa1cvealad vy livde of
systematic valug in attaining the goals of education even if une could asume some
measure of agreement on their definition,

We arc dedding with problans of an ordar of complonity for which available
mathcsaatival and analytical twols lcase us quite nnprepared. Woise yer, the
clementary Luilding blocks arrayed in Loadh monumcinal compleaty are them
seives mysterics. Contampurary prychology cantell us essenually nothing about
the details of individusl leaning processes. Contcmporary socdal and political
science can tell us esseatially nothing about the dynamic proceses that come to
play in the uansition from one form of social oganizauon w anothicr, Sdic,
descriptive accounts aboand, Lug the dymamics of suciat sacnee is still i vtero,

Aucmpting to design an educational ot any other sudial sysicm with our con-
tanpaary scientific apparatas is 1atha like giving Luacuns an imperial grant
to ntake the bemb stating with Lis atomic theory. Whether we are two thousand
yeats or thirgy years aliad of oursclves iakes litde diffacnee, amd we cannot pre-
dict with any degree of rliabilivy how madh time ic will take for physical, bio-
logical, and social sacnce to progress fm enough,

We should not, thercfore, persist in a naive illusion that wience has an-
swers which cducation can exploit if only it will organize iself preperly and do
the ngld incantations. Having owuned up to this, vt dwice of actions is rela-
tively simple, atleast in outline,
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We may, on the one hand, choose to continue pliying the game with the
trappings but without the substance of science. Consciously taken, this cynical
approach has, as indicated throughout the essay, comsiderable short-term politi-
<l value. Its longer range implications, however, are admirably spelled out by
Brewster Denny:

Purbiaps the greatest danger which scicnee poses fur demouracy as far as the processes of
government are woneeried is suentism—a cult of faith in the mechanitic superiority
of the sucnutie method, in thie trappings of scienee, in the mystery and the mystique of
saence. Thes 15 profane penersion of sacnce—cheap, anu intellectual, and denies the
very basie creatne fath on which sacnce 1s founded. Penvasion it may be, but man’s
padicuc desire o put dedsion and responsibility in a nicchanism, or a process, or a
machine may at last have found in the poriod of big governmant and big science method-
olugies and techinologies ot deusivn making which will take wan off the hook for good.2¢

If, on the other hand, we are prepared to admit that we are playing in ig-
norance, this 1ealization need hold no special tenior. This, after all, has been the
condition of mankind for millenia. However, this admission urges strongly against
any form of strong covrdinative planning and prescription on substantive matters.
Based on deep 1gnorance, such planning has a much ligher probability of being
disastrous than of leading to correct or uscful solutions.

However wasteful in appearance, it scems best to encourage as much diversity
as possibie, @ many different paths, as many different outlooks, as many dif-
ferent experiments, as many different initiatives as we can afford once the
demands of education have been balanced agaiust those of uther nceds of our
society. We shiould, in shoit, plan for the encouragement of diversity, at least in
technique.

It seems vital o encourage greater frecdom of choice in a situation which, how-
ever diverse in appearance because of the 27,000 school districts, has in fact
a dreary monotony. Vesting all educational authority in the federal government
makes no seuse whatever under the preceding arguments, but letting our schools
continue as foal monopolies perpetuates on the lowl level a crime we would
not tolerate and do not tolerate nationally.

‘There may be other alternatives for providing a hind of large-scale evolu-
tonary effect with enougl units at stake to create a fair probability that lots of
different pathis will be takew, and that illuminating connioversy will rage. In

4 Brewster C. Denney, *Science and Dentocracy. Politics as Usual in the Nuclaar Age?” talk

prepated fur dedivay at the inaugural mecting of the Sigma Xa Club, Ridiland, Wash., October 12,
1967, pp. 14-15.
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other words we are groping for a definition of a 1easonable setting for educational

experimentation. but we think it vital to shy away from prescriptions of cither
goal or technique.

We should have a chance to fiddle around with both goals and techiniques, and
we should give people enough freedom and options so they ueed not feel hke un-
willing victims of any particular experiment. We should pursue mdependence,
diversity, professional competence, and integrity, we should encourage following
thraugh on longitudinal studies and critical comparisons, upping R & D on lugher
education from present a pitiful 0.2 per cent, and so on.

Critical comments on all the foregoing e cordially invited. As you can see we
are quite unable to make any wise, ringing. and optinistic proposal for the future.
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COMPUTERIZED INSTRUCTION AND THE LEARNING PROCESS®

RICHARD C. ATKINSON

M iecent years there has been a trumendous

number of artiJes and news 1elzases dealing

with computer assisted inslructivn, or as it
has buen abbreviated, CAI. One might counjecture
that this proliferation is an indicant of rapid
prrogress in the field. Unfortunately, T doubt that
it is. A few of the reports about CAI are based
on substantial experience and rescarch, but the
majurity are vague speculations and conjectures
with little if any Jata ur real expuicnee to back
them up. T du uot want to dudigrate the role of
speculativn and cunjecture in a nowly dovcloping
area like CAL.  Huwever, of late it seums to have
produced little more than a reelition of jdeas
that wire exciting in the 1950s but, in the absence
of new 1esearch, are simply well worn cliches in
the late 1960s.

These remarks shuuld not be musinteipncted.
Taipurtant and significant research on CAI is being
cairied on in many laboratories around the country,
but certainly not as much as one is led to believe
by the attendant publicity. The problem for
sumeone tiying to cvaluate Juvelupments in the
field is fo distinguish between those repurts that
are based un fact and thuse that are disguised
forms of science fiction. In my paper, T shall try
to stay very tlose to data and actual expericine
Mjy Jaims will be Jess grand than many that have
been made for CAI but they will be based on a
substantial research effort.

In 1964 Patrick Suppes and 1 initiated a project
wnder 2 grant from the Office of Education to
duvdup and implesient 2 CAT program in initial
reading and mathematics.  Because of our par
ticular research interests, Suppes has taken re-
spunsibility for the mathematics curriculum and I
have been respunsible fur the Inilial 1ead’ng pro-
gram. At the beyinning of the pioject, tav niajor
hurdles had to be vvarcume. There was no lesson
malterial in cilher mathonalivs ur reading suitable

1 Invited address presented at the mccting of the Division
of Fducational Psychology, Amenican Psychological As
socation, Wasbington, D C., September 1967.

AMERICAN PSYCHOLOGIST, 1968, Vol 23, pp, 225 239

for CAI, and an integrated CAI system had not
yet been designed and produced by a sigle manu-
facturer. The developnient of the curricula and
the desclupment of the system have been carried
vut as a parallel effort over the last 3 years with
each having a decided influence on the other.
Tuday I would like to report on the progress of
the reading program with particular reference to
the past school year when for the first time a
sicable group of students received a major portion
of their daily reading instruction under computer
wontrol. The first year's operation must be con-
sidered essentially as an extended debugging of
buth the computer system and the curnculum ma-
terials.  Neveitheless, some interesting cuinments
«an be made on the basis of this expericnce regard-
ing both the fcasibility of CAI and the impact of
such instruction on the overall learning process.
Before describing the Stanford Pruject, a few
gvneral remarks may hedp place it in per-
spective.  Three levels of CAI can be defined.
Discrimination between levels is based not on
hardware considerations, but principally on the
womnplexity and sophistication of the student-
system interaction.  An advanced student-system
anteraclivn may be achieved with a simple teletype
teinunal, and the most primitive iateraction may
require some highly sophisticated cumputer pro-
giamming and elaborate student terminal devices.
At the simplest interactional level are those sys-
tems that present 2 fixed, linear sequence of prob-
lems. Student errors may be corrected in a varicty
of ways, but no real-time decisions are made for
modsfying the fluw of instructivnal matenial as a
function of the student's respunse histury. Such
systans have been termed “dnill-and-practice”
systems and at Stanford University are exemplified
by a series of fourth., fifth-, and sixth-grade pro-
grans in arithmielic and language arts that are
designed to  supplement  classroom  instruction.
‘These particular programs are being used in several
different arcas of California and also in Kentucky
and Mississippi, all under control of one central




computer located at Stanford University. Cur-
rently as many as 2,060 students are being run per
day; it requires little is xagiaation o sce how such
a system could be ex snded to cover the entire
country. Unfortunately, 1 do not have time to
discuss these drill-and-practice programs in this
paper, but there are several recent reports describ-
ing the research (Fishman, Keller, & Atkinson,
1968; Suppes, 1966; Suppes, Jerman, & Green,
1966).

At the other extreme of our scale characterizing
student-system interactions are “dialogue” pro-
grams, Such programs are under investigation at
several universities aed industrial concerns, but
to date progress has been extremely limited. The
goal of the dialogue approach is to provide the
richest possible student-system interaction where
the student is free to construct natural-language
responses, ask questions in an unrestricted mode,
and in general exercise almost complete control
over the sequence of learning eyenix.

“Tutorial” programs lic between the above ex-
tremes of student-syster: interaction.  Tutorial
prugiams have the capability for real-time decision
making and instructivnal brandung contngent on
a single respunse ur on sume subset of the student's
respume histury. Such programe allow students to
folluw separate and diverse paths thruugh the cur-
riculums based on their particular perfurmance
records. The probability is high in a tutorial pro-
gram that no twu studenta will encuuiter exautly
the sane seyueanne of lessun mistenials.  Howewer,
student respunises are gready restiivted slne they
must be chusei frum:a piescribad sei of respoines,
or cunstiuted in sueh 2 mianner that a relatively
simple text analy.s w:ll be suffiuent fur ther
evaluativn.  The CAI Reading Program s tutusial
in nature, and it is this level of studentanteraction
that will be discussed today.

Tue Sranroro CAI Sysrem

The Stanfurd Tuturial Systan was developed
under a cuntract between the Unnersity and the
IBM Curpuiation.  Subueyuent develupueuts by
IBM of the basiv system have led to what has
been designated the IBM 15w Instruntivual Sy»-
tems which shuuld svun be Cum‘m.l.;a“: available.
The basic system consials of 2 central process
computer with accnipanying dise stoiage  units,
proctor stativna, and an inteiphase to 16 student
terminals.  The central process computer acts as
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Fic 1. System configuration for Stanford CAl System.

an intermediary between ecach student and his
particular course material which is stored in one of
the disc storage units. A student terminal con
sists of a picture projector, a cathode ray tube
(CRT), a light pen, a modified typewriter key
board, and an audio system which can play pre
recorded messages (see Figure 1),

The CRT is essentially a television screen on
whith  alpha numeric characters and a limited
set of graphics (i.e., simple line drawings) can
be generated under computer control. The film
projectur is a rear view prujectivn device which
perinits us to display still pictures in black and
white or colur. Each film strip is stored in a self-
thicading caitridge and contains over 1,000 images
which may be accessed very quickly under com-
puter control. The student receives audio mes-
sages via a hign-speed device capable of selecting
any numbe of messages varying in length from a
few seconds to over 15 minutes. The audio mes-
sages are stured in tape cartridges which contain
approaimately 2 hours of messages and, like the
film cartridge, may be changed very quickly. To
gain the student’s attentiun, an arrow can be placed
at any puint on the CRT and moved in synchroniza-
tion with an audio message to emphasize given
wutds or phrases, much like the “bouncing ball”
in a singing cartoon.
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The inajur respunse device used in the reading
program is the light pen, which 1s slply a light-
seitauve probe.  When the hight pen 1s placed on
the LRI, cwordinates of the pusition touched are
seused as a 1espunse and 1ccoided by the cunputer.
Respunses may also be culcsed into the system
thivugh the typewiiter keybuard, However, only
hinuted use has bien made of this 1epuise awde
tn the teading progiam. This s aut Lo uunimize
the salue of heybuard icspunses, but rather to
adnut thay we have not as yet addiessed vur-
selves tu the problun of teaching first giade chil-
dren to Landle a typewnter heyboard,

Ihe CAI System cuntiols the flow of infuina
tivn and the input of student ropunses acwading
tu the ustiwctional lugic built inte the catncalum
mataials.  The syuiice of ants s rouphly ws
[ulluns.  The computer assembles the mssary
cutinnds fur @ goun istructional sequence fiom
a dise sturage wnit,  The conunaads involve direc-
tivns 10 the tenianal device to display a given
seyquence of symbuls un the CRT, to present a
partwular umage on the filin projector, and to
play a spedfc audio message.  After the ap
prophaie visual and auditury materialy have been
pro-uited, a "riady™ signal indicates to the stu-
dent hat 4 ic punse is eapeted. Ouce a respunse
has been entered, it is evaluated and, on the basis
of this evalnation and the student’s past hictory,
the computez makes a decision as to what ma-
terials will subsequently be presented.  ‘The time-
<haring nature of the <ystem allows us to handle
16 students simultancoudly and to cycle through
these evaluative steps so rapadly that from a stue
dent’'s viewpoint ot appears that he 1s getting
immedeate attontion from the cumputer whenever
be inputs a re~ponse,

Tug CAl Reapine Curnricurus

Ihe flinbility offered by this comiputer <y~tem
is of value only if the curriculum materials nake
sense both in terms of the logical organization of
the subject rnatter and the psychology of the
learming proces<es involved. Timne does not feninit
a detanded discus~ion of the rationale behind the curs
rculum that we have deseloped.  Let me <imply
say that our appreach to amitial reading an be
charactuiced  as apphied paychohingustics. y-
potheses about the reading process i the nature
of learmng to read have bevn furmilated oo the
basis of linguistic information, obseryations  of
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language use, and an analysis of the function of
the written code. These hyputheses have been
tested in a senes of pilot studies structured to
simulate actual teaching situations. On the basis
of these expenmental  findings, the hyputheses
have been mudified, retested, and ultimately in-
wiputated into the curriculum as prindples dic-
taung the furmat and flow of the instructivnal
sequence.  Of course, this statement is sumewhat
of an whalization, since very hittle curriculuin ma-
tenial wan be said 1o have been the perfect ond
poduct of rigurvus empirical evaluation.  We
would dJaiin, however, that the fundamental tencts
of the Staufurd reading prugiam have been fuimu-
laied and wodificd on the basis of cunsiderable
unpial evidence. It seuns probable that these
will be further nudified as more data accuulate.

The introduction of new words fium une levdd of
the curticulum te the next is dictated by a nuniber
of pundiples (Rudgers, 1967). These principles
are speaficd in terms of a basic unit that we have
walled the vocalic center group (VCG). The VCG
i Eaglish is defined as a vowel nudleus with zero
to three preceding and zero to four folluwing
wnsunants.  Fhe sequincing of new vocabulary is
deternuned by the length of the VCG units, and the
regulanty of the urthographic and phonulugical cor-
tespundences.  Typical of the puinciples are the
following:

1. VCG sets containing single cononant clements
are introduced before those containing consonant
clusters (tap and rap before lrap).

2. VCG scts containing initial consupant clusters
are intruduced before those containing final con-
sonant clusters (stop before post).

3, VCG »ets containing check (short) vowels are
introduced before those containing letter name
(long) vowels (met and » af before meat or mate).

4. Sgle VCG sequences are intruduced before
multiple VUG sequences (mat Lefure matler, stul
before stutler).

More detailed rules are required to determine the
urder for introducing specific vowels and conconants
within a VCG pattern, and for introducing specific
VCG patterns in polysyllabic words, These rules
frequently nprosnted 3 coiprumise  between
Ninguistic facturs, pattern productivity, item {re-
quency, and testual "usefulness,” in that wider of
significance.
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Fic ! Flow chart for the construction of a celt in the
matrix construttion tash
The nstructional maternals are  divided 1nto

eight levels each composed of about 32 lewsons ?
The lessons are designed so that the average
student will complete one in approvimately 30
minutes, but this can vary greatly with the fas
student finishing much sooner and the slow stu-
dent sometimes taking 2 hours or more if he hits
most of the remedial material  Within a lesson,
the various instructivnal tasks can be divided into
three broad areas  (a) decoding skills, () com-
prehension skills, (¢) games and other motiva-
tional devices Decoding skills involve such tasks
as letter and letter-string identification, word list
learning, phonic drills, and related types of ac-
tivitiex  Comprehension involves such tasks as
having the computer read to the child or having
the child himwelf read sentences, paragraphs, or
complete stories about which he is then asked a
series of questions. The questions deal with the
direct recall of facts, gencralizations about main
ideas in the story, and inferential questions which
require the child to relate information presented
in the story to his own experience.  Fmally, many
different types of games are sequenced into the
lessons primarily to encourage continued atten.
tion to the materials  The games are similar to
those played in the clasroom and are structured
to evaluate the developing reading skills of the
child

Matsix construction  To ilustrate the instruc.
tional materials focusing on decoding skills let me

2For a detailed account of the cursiculum materials
see Wikon and Atkimson (1967) and Rodgers (1967).
See alss Atkinwn and Hainsn (1900) and Hansen and
Rodgers (1965).
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describe a task that we have called matrix “con-
struction” This task provides practice in learning
10 associate orthographically similar sequences with
appropriate rhyme and alliteration patterns. Rhym-
ing patterns are presented in the columns of the
matrix, and alliteration patterns are presented in
the rows of the matrix as indicated in Figure 4.

The matrix is constructed one cell at a time. The
initial consonant of a CVC word is termed the
initial unit, and the vowel and the final consonant
are termed the final unit, The intersection of an
initial unit row and a final unit column determines
the entry in any cell.

The problem format for the construction of each
cell is divided into four parts: Parts A and D are
standar¢ instructional sections and Parts B 2nd C
are remedial seclions  The flow diagram in Figure
2 indicates that remedial Parts B and C are
branches from Part A and may be presented in-
dependently or in combination,

To sec how this goes, let us consider the example
illustrated in Figure 3. The student first sees on
the CRT the empty cell with jts associated initial
and final units and an array of response choices.
He hears the audio message indicated by response
request 1 (RR 1) in Part A of Figure 3. If the
student makes the correct response (CA) (i,
touches ran with his light pen), he proceeds to Part
D where he sees the word written in the cell and
receives one addutional practice trial.

In the initial presentation in Part A, the array
of multiple.choice responses is designed to identify
three passible types of errors:

I The initial unit is correct, but the final unit
is not,

2 The final unit is correct, but the initial unit
is not.

3 Neither the initial unit nor the final unit is cor-
rectly identified.

If, in Part A, the student responds with fan he is
branched to remedial Part B where attention is
focused on the initial unit of the cell. If a correct
response is made in Part B, the student is returned
to Part A for a second attempt. If an incorrect
response (WA) is made in Part B, an arrow is dis-
played on the CRT to indicate the zorrect response,
which the student is then asked to touch.

I, in Part A, the student responds with rat, he is
branched to remedial Pact C where additional
instruction is given on the final unit of the cell.

-
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Fic 3 First <ell of the matsix construction task.

The juwedure n Part C is smilar to Part B.
Huwerer, it shuuld be noted that in the remedial
asbiuchiun the initial letier 15 never pivivunced
(Part B), whereas the final unit is alivays pro
nuunced (Part C). I, in Part A, the student
responds with bat, then he has made an error on
both the initial and final unit and is Lianihed
through both Part B and Part C,

\When the student retutns to Pai A after cum-
pleting a reniedial section, 4 et sesponse will
advance him to Part D as sudicaied. If a wrong
anywer response is made on the secund pass, an
arrow i placed beside the wrredt iespunse arca
and held thae uwntd a couect respunse is made.
H the neat sc~punse is stll an etror, a message is
«nt to ihe proctur and the seyutine 1s repeated
from the beginning.

When a swadent has made a cutrect respuiise on
Parts A and D, he s advaied to the neat word
tell uf the mainix which has a paoblem furmat and
sequence Wential o that just desunibed.  The an-
dividual cell budding 15 cuntinued Uluch by Lluch
until the matrix is complete. The upper left-hand
panel of Figure 4 indivates the CRT divplay four
adding the next well in vur craugde.  The widar in
which ruw and wlumin cells ate added is exsenually
random.

When the matria 5 wonplete, the entries are re-
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urdered and a criteriun test is given uver all cell
entiies.  Fhe test invulves displaying the full matrix
with cuaplete cell entiies as ndicated in the Juwer
left hand panel of Figure 4. Randumized requests
are made to the student to identify cell entries.
Since the first pass through the full matrix is
viewed as a driterivn test, no reinforeement s
given, Errurs are categorized as initial, final, and
uther, if the percentage of tutal errors un the cri-
tenvn test eneeds 2 predetarained value, then
runedial escruses aie pruvided of the type shuwn
in the two right hand panels of Figure 4. I all
the erruts are recorded in une categury (initial or
final), unly the ranediai material appropriate to
that categury is presented.  If the errurs are dis-
tiibuted vver buth wateguiies, then buth types of
remedial material are presented.  After working
through une ur Luth uf the runcdial sections, the
student is Lianched back fur a secund pass through
the uiteriun matrix. The secund pass is a teaching
tiial as uppused to the initial test eydle, the student
pruceeds with the standard cutrection and upstnniza-
tion routines.

An analysic of pufuimaine un the matiia task
is sull suumplete, but sunie prelinuidry results are
available. On the watial pass (Part A) our stu-
dents were correct about 45% of the time; however,
when un arur did weur, 21% of the time it in-
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Fic. 4. Continuation of matrix construction task.

volved unly the final unit, S39% of the time unly the
initial unit, and 267% of the tume both imitial and
final units  The pattern ¢f performances changed
markedly on the first pass through the criterion
test. Here the subject was correct about 65%
of the time; when an error occurred, 32% of the
time it involved only the final unit, 33% of the
titne only the initial unit, and 35% of the time
both units. Thus performance showed a significant
improvaneut frum Fait A to the critetion test,
equally tmportant, 1itial errors were more than
twice as frequent as final errors in Part A, but
were virtually equal on the criterion test.

The matrix exercise is a good example of the
material used in the curriculum to teaching decod-
ing skills, We now consider two examples (‘“form
class” and “inquitiea™) of tasks that are designed
to teach comprehension skills.

Fovm class. Comprehension of a sen.ence in-
volves an understanding of English syntax. One
behaviutal manifestation of a child's syntactic so-
phisticativn is his abilily to gruup wurds unto ap
propriate form classes. This task provides lessun
matenals that teah the furm Jass chatactenstios
of the wourds just presented in the matrix sectivn
of & lessun. The fulluwing type of problens is pre-
sented to the student (the matesial in the box is
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displaied on the CRY and below are audio mes-
sages, the chuld answers by apprupriaiedy placing
his light pen on the CRT):

tan
fat
man | hat,
run

Dan saw the

Only one of the wuids in the column will make sense in
the sentenve  Touch and say the word that belongs In the
sentence.

CA. Yes, Dan saw the tan hat. Do the next one.

WA. No, tan is the word that makes sense. Dan saw the
tan hat Touch and say tan. (An arrow then ap-
pears above tan,)

The sentence is composed of words that are in the
reading vocabulaty of the student (ic., they
have been presented in previous or current les-
sons). Th: respunse set .ncludes a worg which
is of the coursect formi class but is semantically in
appruptiate, two wurds that are of the wrong form
class, and the courrewt word. A controlled variety
of sentence types is empluyed, and the answer sels
are distiibuted over all syntactic slots within each
senteuce type. Respunses are categurized in rather
bruad ternis as nouns, verds, modifiers, and other,
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Ihe icpunse data an be cxamiad for sy stenatic
cituts vt a latge uumber of itens, Faamples of
the hiuds of questivny that can be asked are. (a)
Are crrors for various furin classes in various
sentence positions similarly distributed? () How
are response latencies affected by the syntactic and
serial position of the response set within the sen-
tence?  Anwers to these and other questions should
provide information that will permit more system-
atic ~tudy of the relationup of sentence structure
to reading instruction,

Inquiries, Individual words in sentences may
wmtitute unique and conversativnally  correct
answers to questions,  These questiuns tahe the in-
terivgative Who ? What ? How . 2"
ete.  Fhe ability to select the word in a senteice
that wniquely answers une of those Yuestivns dewn-
stiales one furm of reading comprehension.  The
inquiry excrcises constitute an assessment of this
reading comprehension ability.  In the following
example, the sentence “John hit the ball” is dis-
pltyed on the CRT accompanied by these audio
mesages:

Tuuch and say the wurd that answeis the question,

RR T Who it the ball?

CA  Yes, the word “John” tclls us who hit the ball

\WA:  No, Jobn tells us who ht the ball  Touch and
sav John  {An arrow then appears on the CRT
above John.)

RR 2 \Vhat did John bit?

CA.  Yes, the word “ball” tells us what Jobn bit.

WA No, ball tells us what John it Touch nd say
ball. (An arrow then appears above ball)

As in the formeclass section, each sentence is com-
posed of words from the student’s reading vocab-
ulary. A wide variety of «entence structures is
utilized, beginning with simple subject-verb-object
sentontes and progressing to structures of increasing
complenaty  Data from this tash bear on several
hypotheses about comprehension.  If comprehen-
sjon is equated with a correct rexpon ¢ to an inquiry
question, then the following statuments are verified
by our data. (@) Ttems for which the correct
answer is in the medial position of the sentence are
more difficult to comprehend than items in the
initia) or final penitions; final position items are
easier to comprehend than items in the initial posi-
tion. (&) Items for which the correct answer is an
adjective are more difficult to comprchend than
items in which the correct answer is a noun of
verby simvlarly nouns are mote difficult than verbs.
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(«) Lunger sentences, measured by word length, are
nivre difficult tv comprehend than shorter sentences.

These are unly a few examples of the types of
tasks used in the reading curricnium, but they
indicate the nature of the student-systen in-
teraction. \What 1s not illustrated by these examples
is the potential for long-term optimization policies
based on an extended response history from the
subject. We shall return to this topic later.

ProsLrMS IN IMPLEMENTING THE CURRICULUM

Before turning to the data from last year’s run,
let me wonsider Uricfly the pivblem of translating
the curriculum materials into a language that can
be understood by the computer. The particular
computer Linguage we use 15 called Coursewriter 1.,
a Janguage which was developed by 1BM in close
collaboration with Stanford. A coded lesson is a
senies of Coursewnter 11 commnands which causes
the computer to display and manipulate text on the
CRT, position and display filin in the projector,
position and play audio messages, accept and
evaluate heybuard and lightpen respunses, update
the peiformance record of cach student, and im-
plement the branching logic of the lesson flow by
means of manipulating and referencing a set of
switches and counters. A typical lesson in the
reading program, which 1akes the average student

'TABLE 1

Auvpto Scxtp anp fiiu Cuips witn
HYPOTHETICAL ADDRESSES

Address

Message

Audio information

A0 | Touchsnd say the wuid that gues with the prtute.
A02 | Good. Bag Do the neat one.

A03 | No,

AG4 1 The word thzt goes with the picture is bag Toucl
and say bag.

A0S | Good. Card. Do the next one.

A06 | No.

AO7 | The word that goes with the pictu.e is card. Touch
and <y card,

Falm nap
101 | Picture of a bag.
102 | Picture of a cara.




TABLE 2

Comtrtnix Cortnianvs Riguimin tu I'wesint Two Exastents or 10 Prostrst Discameo s e Taxr

Cotxuands
PR
1D o/51

FP FOL
DT 5,18/vat/

DT 7,18/bag/
DT 9,18/rat/
AUP A0

L

-

EP 30/ARCDY

AD 1/cy
1D 1fs1
AUP AOL

DT 7.16/-y
BR L1

CA *,7,5,18/C1

BR L2/51/1

AD 1/Cy
L2 AUP AD2

WA 1.5.3.18/‘:1}
WA 1,9,3,18/w2

« ,«anation
Problem: Preparcs machiine for beglaning ¢f new provlen.

Lload: loads zero into the error switch (S1). The role of
switches and counters vill be explained later,

Film Position: Displays frame FOl (picture of ¢ bag).

Display Text: Displays "bat™ on line § starting '+ coumn 18
on the CKT.

Displays '"bag" on line 7 starting in column 18 on the CRT.
Displays "rat™ on line 9 starting in coluzn 18 on the CRT

Audio Play: Plays audio message AOl. “Touch and say the wa.
that goes with the picture.”

Enter and Process: Activates the light-pen; specifie$ the time
1imit (30 sec.) and the provlem identiffer (ABCD1) that will
be placed in the data record along with all responses to this
problen. If a response is made within the time 1imjt the
computer skips froa this command down to the CA (correct
answer comparison) ¢ d. If no resp is nade within
the time limit, the cocmands irmediately following the EP
command are executed.

Add:  Adds one to the overtime counter (Ch).
lozds one into the error switch (S1).

Plays message AO%. “The word thi. qoes with the picture ia bag.
Touch and say bag."”

Displays arrow on line 7, column 16 (arrow pointing at “bag").

Branch: Sranches to cormand labeled L. The computer will now
do that coeraand and continue o that point.

Correct Answer. Coopares student's response with an area one
line high atarting on line 7 ard three coluzns wide starting
in column 18 of the CRT. If sia response falla vithin this
area, it will be recorded in the data with the ansver identi-
fier Cl. When & correct answer has been zade, the cocmands
from hervdown to WA (wroig answer comparison) are executed.
Then the program Juzps .ahead to the next Pt. If the response
does not fall in the correct area, the matiine skips from this
command down to the WA cocmand.

Branches to cormand labeled L2 if the error switch (S1) is
equal to one.

Adds one to the initial correct answer counter (C1).
Plays audio message A02. "Cood. Bag. Do the next one."

Wrong Ansver. These two comands coapare the student responce
with the arcas of the two wrong ansvwers, that is, the arca one
Uine high atarting on line 5 and threc columns wide starting
in column 18, arl the area one line high starting on line 9
ard three columns wide starting in column 1B. If the response
falls wvithin one of these two areas, it will be recorded with
the appropriate identifier (WL or W2). When a defined wrong
answer has been nmade, the cormands from heredown to UN (undefined
ansver) are executed. Then the computer goes back to the EP
for this problem. If the response does not fall in one of the
defined wrong answer areas, the machine skips froa this command
down to the UN command.

ERIC

Aruitoxt provided by Eic:

- F3TTH
LI




‘Table 2—~Continued

DT 5,18/card/
DT 7,18/cart/
DT 9,18/hard/

TN EP 30/ANCD2 Light-pen 1s activated.

AD Y/Ck

b 1/s51 1ia1t of 30 seconds.
AP AOE/-,, corzmand.

DT »,1

iR T4

CA 1,5,k,18/¢2

IR L5/51/1
AD 1/CL
LS AUP A0S

Ten.

been made.

VA L, 7,0 .18/"3}
VA 1,9,%,18/uk

Com:ands Explanation
AD 1/cR Adds one to the defined wrong answer counter (C2).
L3 b 1/S) Loads one into the error svitch (S1).

AUP A03 Plays ocssage A0D3. “No."

AUP AOY Plays message AO. "The word that goes with the picture is
bag. Touch and say bag."

oT 7,16/ Displays arrov on line 7, colum 16.

ux Undefined Wrong Answer: If machine reaches this point in the
progran, the student has made neither a correet nor a defined

- wrong enswer.

AD 1/C3 Adds one to the undefined ansver counter (C3).

R L3 Branches to command ladeled L3, (The same thing should be done
for both UN and WA answers. This branch saves repeating the
cormands from L3 down to UN.)

R Prepares the machine for next problenm,

I INTENY These corzands prepare the dtsplay for 'z 2nd problea. Notice

P OFO2 the riev fila position and new words isplayed. The student

va3 told to "do the next one™ when he finished the last prod-
lea 30 he needs no audio message to begin this.

These cormands arc done only if no response is made in the time
Otherwize the machine skips to the CA

Coepares response with correct answer area,

Adds one to the tnitial correct ansver counter unless the error
svitch (S1) shovs that an error has been made for this problem.
The student i3 told he 1s correct and z0es on to the next probe

These cormands are cxecuted only if a correct answer has

Cotipare response with defined: wrong unswer.

AD 1/C2 Adds one to the defined wrong answer area &nd the crror switch
16 1D 1/51 (S1) 15 losded with one to show that tn error hus been made

AVP ADS on this problem. The student is told he s wrong and shown

AUP AO7 the correct ansver and asked to touch it. These cormands are

DT 5,16/-/ executed only if a defined vrong stawer has been made.

UN An undef ned resporse has been made §f t'. machire reaches this

cormand,
AD 1/C3 } Adds one to the undefited ansver counter and we lranch up to give
R L6 the same audio, etc. as 18 given for the defined wrong snswer.

about 30 minutes tu complete, reyuires in excess o
9,000 coursewriter commands for its execution,

A simple example will give you ame fecling for
the coding problem  The example is frum a task
designed 1o teach Loth letter dicuiimination and
the meaning of wurds A picture illusteating the
word being taught is precented on the projector
screen Three words, including the wourd jllus.

ERIC
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trated, are presented on the CRT. A message is
ilayed on the audio ashing the child 1o touch the
word on the CRT that matches the picture on the
film projector. The student can then make his
respunse using the Jight pen.  If he makes no re-
sponse within the specsfied vne himt of 30 secunds,
he is told the cotrect an-wer, an arrow points to it,
and he is asked to tuuch it. I he makes a respunse
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withia the time huwt, the pomt thas he touche s
comintied by the Computer with the concdt answer
arc s 1f he plices the Ight pen within the or
reet ana, he is told that he was correct aned goes
on to the poxt problem 1 the resprnsc was nat
m the contcet area, 1t onganed with the aiea
detied as 2 wropg amswer.  H his respon o s
within thas area, he s told that 1t is wrony, given
the wotiect answer, and ashed to touch it 1 his
mitad respon~e was neither an the antipated
Wl apswer atet hog the correct-answet atea,
then the ~tudunt b made ar vmldelined answer
He » givan the <imic menage that he would have
heard had he toudhed a defined wrong ansaer,
Lawever, the response 15 reworded on the data
record as undefined  The studint tries again until
he makes the woitect respunse, he then gues on to
the et problam

Lo prepase an instructimal sequonce of theosat,
the prosrammar oot wite @ detaled hist of wn
mands to1 the computr He most alvo tevad on
au audo tape all the nessages the atadoat might
heas durmng the leswsn i appnonmandy e otdes
tn whah they will oceur. Each audiv message has
an address un the tape and will be called fur and
played whan appropriace Similady a filin strip
ts prepated with one frame for each pictute re
quited i the lewwon  kach frame has an addic~s
and can be called for in any order.

Tabie 1 shows the awho niesages and film pic
tutes reyuind fur two sample problems alutg with
the hypothoal addresses on the audiv tygx and
film stap lasted in Table 2 arc the ompater
connvamds requited to present two examplos of the
problems described above, analy ze the student’s re-
spotires, and record his data record  The et
coluinn tn the table hists the actual wompuiar wim
mands, and the nght colomn provides an explana
tion of cacht command

Whle a student ts on the system, he may wm
plete as many as § to 10 problems of this type prer
nunte  Obwiuusly, if all of the instructional ma
terial has 1o be coded 1n this detad the task woold
be witually ampowsible  Fortunately, there are
ways ot sumphifymg coding procedure if paits of
the mstrucnional matenals are abike in formal and
difier unly 1n certain speuficd ways  For exanylc,
the two problems presented in Table 2 differ only
1n (g the Rlm display, (&) the wotds on the CRT,
(c) the proble identifier, (d) the thice audio ad
dresses, (€) the row display of the arrow, (f) the

whieet anwa ana, and (¢} the correct answer
Wlentficr,  This stiing of wude can be defined ouce,
ghvan a tho lettte name, and used later by giving a
ot I"l(‘ maro ('Ul:‘lll.lllli

The uae of macos cuts down greatly the effort
teuned to present many different but basically
similac problens.  For example, the two problems
presented in Table 2 can be rewtitten in macro
format using only two lines of code. Problem
1. CM PW JFO1]bat]bagjrat} AO1 JABCD1]A04)
A02]A03}7]1,7,3,18]C1], Problem 2. CM I'W]
Fo2 joard joar Jhad | JABCD2] A7) A0S A06] 5]
1,5,°.15]C2]. The command to call a mauo is
CM, and W is an arbatrary two character cade
for the mauro imvolving a pictard toword mateh
Nutree that in Problem 2 thae is no intradactory
audiv mes<age, the “}]" indicates that thiy param
eter is nat to be filled in

The macio wapabilily of the source language has
twe distimt advantages over code written com.
mand by command  The fist s ease and speed
of cuding  The <all of one mauro is obviuusly
easits than weiting the compaable string of code.
The sevond advantage Is increase in accuracy, Not
only are cuditg errois drastially curtailed, but if
the mactv is defectine vt needs to be changed, every
oteurnee of Jt in the lesson coding can be cor
rected by mudifying the original maue, in genaal,
the code can stay as it is. The more standand the
vanous problem formats, the mute valuable the
macto Lpability bewmes, Apart from a few non
standand intiadudiony audio messages and display
temn, appronimately 954% of the reading curticu
lum has boen progranancd using about 110 basic
micres

The mavio command {eatute of the language has
sigmfcard Implivations foi psychological research.
By simply changing a few comniands in a par
ticular macro, one can alter the flow of the teaching
sequenie whenever that mauo is called in the
program, Thus, the logic of an instructional
sequete that oceurs thuu.ands of times in the
reading curtivulum can be redesigned by adding or
mudifying a few lines of code in a given macro. If,
for example, we wanted to change the timing rela
tivns, the type of feedhack, ot chatacteristics of the
CR1 display in the task dewribed abuve, it would
require unly a few lines of code in the PW macro
and would not nevesitate making changes at every
point in the consiculum where the picture to word
exeruise occurred.  Thus, a range of experimental
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manipulations can be catried out using the same
basic program and display materials, and requiring
changes only in the command strectute of the
macros,

As indicaled in Table 2, a bank of switches and
counters is defined in the computer and can be
used to keep a running record on each student.
There is a sufficient number of these regivters so
that quite sophisticated schemes of oplimization
and accompanying branching are pocsible. Thus,
one is in a position to present a scries of words and
to optimize the number of correct responses to some
stipulated criteria, for example, five consecutive
correct responses for each of the words. Or one
can select frem an array of phrases choosing those
phrases for presentation that have the greatest
nuinber of previous errors.  As a consequence of
these decisions, each student pursues a funda.
mentally different path through the reading ma-
terials,

Sovg RrsuLts rroM THE FiIxsT YEAR or
OPERATION

‘Fhe Stanford CAI Project is being conducted at
the Brentwood School in the Ravenswood School
Didtrict (Fast Palo Alto, Califoraia). There were
scveral reasons for selecting this school. It had
sufficient population to provide a <ample of weli
over 100 first-grade students. ‘The students were
primarily from “culturally disadvantaged” homes.
And the past performance of the school's principal
and faculty had demonstrated a willingness to un.
dertake educational innovations.

Coumputerized mstruction began in November of
1906 with half of the first-grade students taking
seading via CAI and the other half, which func-
tuned s 2 control group, beiug taught scading by
2 teacher i the <anstoum. The duldren in the
wntro} group were not left vut of the project, for
they took maithamnatics from the CAT system in-
stead,  The {ull analysis of the student data is a
tremendous 1ask which s sull underway.  How-
ever, a few general results have alteady been
tabulated that gnovide sune scasuie of the pro-
grain's success,

Wahin the lenwn material there is a central
wire of probless wiich we have taned wain line
probleans.  These are gnoblins ovar which cach
sudent niust exhilit wastay in vne foum or an.
other.  Maindine piobluns may be lianhed
around by suciessfully jassing cettain xiecning
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fastest, mcdian, and slowest student.

tests, or they may he met and successfully solved;
they may be met with incorrect responses, in which
case the student is branched to remedial material.
‘The first year of the project ended with a difference
between the fastest and slowest student of over
4,000 mzin line sroblems completed, The cumula-
tive response curves for the fastest, median, and
sluwest students are gi en in Figure 5. Also of in-
terest is the 1ate of progiess during the course of
the year. Figure 6 presents the cumulative number
of problans cumpleted per hour on 2 month by-
month basis again for the fastest, median, and
sluwest student It is interesting to note that the
1ale nicdsure was esscutially constant over time for
increase for the fast student,

Fiom the standpuint of buth the 1otal number of
problems completed during the year and rate of
peugress, it appears that the CAI curriculum s
tespuninive o individual diffesences.  The differ-
chves nuted abuve must not be confused with a
vatiitivn in 1ate of response.  The difference in
resputise 1ate amung students was very small. The
AVELISC TEapunse fale was appoximately four per

ERIC

Aruitoxt provided by Eic:




Aruitoxt provided by Eic:

200
< ' wor
¥
¥
00
uEAN
e @ @
A sl e
’g‘ r (ow
3 M-—.
SR § 1 1.1 by 1 i
WO @I ve M W am A7 e
can,

Fic 6 Cumulative tate of progress for fastest, median,
and slow et student

minute and was nat correlated with a student’s rafc
of progtess through the curriculum  The differ-
ences in total numbet of maindine problems com-
pleted can be accounted for by the amount of
temedial material, the optimization routines, snd
the numlber of accelerations for the different stu.
dents.

It has been a common finding that gitls generally
acquire reading skilis more rapidly than boys. The
sex diffesences in reading performance have been
attributed, at least in part, to the social organiza-
tion of the classroont and to the value and teward
structures of the predominantly female primary
grade teachers It has also been argued on de-
velopmental grounds that fiest-grade ghls are more
facile in visual memorization than boys of the
same age, and that this facifity aids the gitls in
the sight-wotd methud of vocabwlary acquisition
commonly used in baal readers. If these two
arguments are correct, then one would expect that
placing students in a CAI envitonmient and using a

Matrix Construction, and Sentcnce Comprchension,
On these four tasks, the only difference between
boys and girls that was statistically significant at
the .05 level was for word-list learning. Thesc ¢
sults, while by no means definitive, do tend support
to the notion that when students arc removed from
the normal classroom environment and placed on
a CAl program, boys perform as well as girls in
overall cate of progress. The results also suggest
that in a CAI envitonment the sex difference &
minimized in proportion to the entphasis on analy<js
rather than rote memorization in the learning #32k.
The one problem type where the giths ac*%eved sig.
nificantly higher score> than the boys, word-list
leaning, is essentially a paired-avociate learning
task,

As noted carlicr, the first giaders in our school
were divided into two groups  Half of them re.
ceived reading instruction from the CAT system;
the other half did not (they received mathematics
instruction instead). Both groups were tested
extensively using conventional instruments before
the project began and again near the end of the
school year. The two groups were not significantly
different at the start of the year. Table 3 presents
the rewlts for some of the tests that were ad
ministered at the end o the year.  As inspection of
the table will show, the group that received reading
instruction vin CAT performed signific ntly better
on all of the pasttests except for the comprehension
subtest of the California Achievement Test. These
rexults are most encouraging. Futther, it should

TABLE 3

Posttvst Restirs rox ExrrsishNTAL
AND Contgor, Crots

curriculum which emphasizes azalytic skills, as Teut Expesimentad | Contend | 2 value
:;‘)‘poscll l? .rolc m:.-.mur.z.;uon,dwouljl mmmn'zc }.f:cx California Achics ement Test
lfm'?cex in reading. In order to test lhlS. Y* Voaabuary 4ot | 310 <or
pothesis, the rate of progress scores were statisti- Comptchension 4145 06| —~
cally evaluated for sex cffects. The result, which  wotat 456 | 6| <0l
was rather surptising, is that there was no differ.  Hastley Reading Test 12 900 o
ence between male and female students in rate of \F;Z::;;:ll:‘r; 1938 1708 :.(!l
progress through the CAT curriculum. Phonctic discrimination 088 | 2545 | <01
Sex differences however might be 2 factor in  Pronunciation

accuracy of perforr ince. To test this notion the Nonsense word 6.03 230 § <0l
final accuracy scores on four standard problem Word 9.95 595 <'?'
types were cxamined. The f Blem types, ~ ReGsnition
ypes wete cxanined, Ihe lour problem types, Nonsease word a3 | 525 ) <o
which are representative of the entire curriculum, Word 19.61 1660 | <.0t
were Letter Identification, Word List Learning, —mee — . S N ORI AV

.;'\ b )
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be noted that at least sunmie of the facturs that
nught result in a2 Hawthune phenuinenon® are
nut present here, the ' contiol” group was expused
tu CAI expenence in thar mathesiabics anstraction,
While that may leave toun fur suie cffeuts in their
reading, it dues ieniove the chief objection, since
these students also had reasun to feel that speuial
atfentiun was being given tu them. It is of in-
terest tu nute that the average Stanfurd Binet 1Q
swore fur these students (buth experimental and
cuntrol) is 89.%

Owing to systems and hardware difficulties, our
program was nut in full uperation untl late in
November of 1966, Initudlly, students were given
a relatnely bref penud of time per day on the
ternunals.  Phis penod was anereased to 20 minutes
after the first 6 weeks, in the Jast munth we al-
ivned students to stay on the ternunal 30 to 35
nunutes. We wished to find out huw well first-
grade students would adapt to such lung peniods
of tune. They adapt quite well, and neat ycar ve
plan to use 30-mmute pertods for all students
thieughuut the year. This may seem lihe a long
sesawn fur a first-grader, but our obser,atins sug-
gest that their span of attention is well over a half
hour if the instructional sequence 1s truly responsive
to their respumse inputs. This year's students had
a relatively sinall number of total huurs on the
system.  We hupe that by beginmng 1 the early
fall and using half-huur penods, we will be able
to give cach student at least 80 to 90 huurs on the
terminals next year.

I do not have tune to discuss the social-psycho-
logial effects of intreducing CAI into an actual
school setting.  However, systematic observations
have bren made by a trained clinical psychologist,
and a report is being prepared. To preview this
report, it is fair to say that the students, teachers,
and parents were quite favorable to the program,

Nor will time permit a detailed account of the
various uptimization routines used in the reading
curriculum. But since this topic is a major focus of
our research effort, it requires some discussion here.
As noted carlier, the curriculum incorporates an
array of screening wnd <equencing procedures de-
signed to optimize learning. These optimization
schemes vary in terms of the range of curriculum
induded, and it has been cunvenicnt to classify

3 More deladds on these and o her snalyses may be found
in Athin un (1967} and Wibun and Athinson (1967).

Riaatdoaning. Sa G Vbl Whm e ST e

them as «ther shurt- ur lung-term procedures.
Shurt term provaldures refer to decisiun rules that
are dpplicable v speufic problem furmats and
utihze the very tewent respunse histury of a sub
Jeut o dedeanine what anstructional suateiials to
present aext.  Lung tein uptimization piocedures
are applicable to diverse units of the wuniiwuium
and utilize a summarized furm of the subject’s
cumpletc reapunase record tu spedify his futue path
through majur instructivnal units.

As an example of a short-term optimizition
procedure, consider une that fulluws directly frum
a learning theuretic analysis of the reading task
invulved (Gruen & Athinson, 1966). Suppose that
a list of m wurds is to be taught to the child, and
it has been decided that instruction is to be carried
vut using the picture-to word furmat described
carlier.  In essence, this problem furmat invulves
a series of discrete trials, where on each trial a
picture illustrating the word being taught is pre-
sented on the peojector screen 2nd three wurds
(including the wurd illustrated) are presented on
the CRT. The student makes a respunse from
amung these words, and the trial is terminated by
telling him the correct answer. If x trials are al-
located for this type of instruction (where x is
much larger than m), how should they be used
to maximize the amuunt of learning that will take
place? Shuuld the m ilems be presented an equal
number of times and distributed randumly over
the x trials, or are there uther strategies that take
account of idiosyncratic features of a given sub-
ject’s response record? If it is assuined that the
learning process for this task is adequately de-
scribed by the one-clement model of stimulus sam-
pling theory, and there is evidence that this is the
case, then the optinial presentation strategy can be
prescribed.  The optimal strategy is initiated by
presenting the sn items in any order on the first m
trials, and a continuation of this strategy is optimal
over the remaining x — m trials if, and only if,
it conforms to the following rules: .

1. For every item, set the count at 0 at the
beginning of trial = + 1,

2. Present an item at a given trial if, and only if,
its coumr is least among the counts for all items
at the beginning of the trial.

3. If several items are eligible under Rule 2,
select from these the item that has the smallest
nuinber of presenlations, if several items are still
eligible, select with equal probability fruin this set.
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4 Following a trial, incredse the wunt for pre-
sented iteni by 1 if the subjuct's e spuiise was wur
rect, but set it at 0if the respuie was oot

Even thuugh thoe deciion rales are faicly sunple,
they would be difticall to implanaat wathoat the ad
of & computie, Data from ths year's expeiunent
estiblich that the abuve strategy is better than
one that presents the items equally often i a
fined order.

This 1> only one example of the type uf shurt-
ten uptiteation strategies that are wed m the
reading curticulum Sume of the other schemes
are more comples, involung the apphcation of
dyusmi pragiamising priaples (Groen & Atkinson,
196, and use informativn net only abuut the
teapwinse histury but also the speed of respunding.
In sunie wives the optinuzation schemes wan be
dernved duedtly from mathumaucal miwdels of the
leasiing  process, whereas others are nut tied to
thevietival aualyses but aie based un intwiise con
sidecativn, that sees prumising¢

Even if short-term optimization strategies can
be devived which are effectve, a total reading cur-
ticulum that is optimal still has not been achieved.
It is, of course, posmble to optimize performance
on each unit of the curriculum while, at the same
time, sequencing through the units in an order that
is not particulurly efficient for learning  The most
significant awpect of curriculum development s with
regard to long-term optimization procedures, where
the subject’s total re-ponse history can be used to
detamiine the best order for branching through
major instructional units and also the proper hal-
ance between dri'l and tutorial activities Tt seems
clear that no theory of instruction is likely to use
all the information we have on a student to make
instructional decisions from one moment to the
next  Even for the most sophisticated long-term
schemes, only a sample of the subject’s history is
going to be useful In general, the problem of
deciding on an appropriate sample of the history
is similar to the problem of finding an obscrvable
statistic that provides a good estimate of a popula-
tion parameter. The observable history sample
may be regardea as an estimaie of the students
state of leaining A desirable property for such a

4 The leainng models and optimizativi. methuds that
undeilie mach of the reading cunnulum ate discussed 1n
Atkinson and Shiffrin (1908), Grocn and Atkinsun (1966),
Rodgers (1967), and Wilsun and Atkinson (1967).

histury sample would be fur it to summasice all
infosation concerning the cunent learning state
of the student s0 that nu eluburation uf the history
would provide  additwoal  wforiiation,  In the
theuty of statistival infuency, a statistic with an
analuguus propeuty s called a sufficicnt statistic,
Heace, it seems apptopriate to call an observable
sample histury with this property a “sufficient
history.”

In the prescnt versivn of the reading carriculum,
sevaral longterm optimization  procadures have
becn intruduced with appropriate sufficiat histuries
As yet, the theoretival rationale fur these procedures
ha> nut been thurvughly worked vut, and not envugh
data have beens collected to evaluate their effective-
ness. However, an analysis of long-term optimiza-
tion prublenis, and what data we do have, has
been instructive and has suggested a number of
experinients that neeq to be carried out this year.
It is my hope that suk analyses, combined with
the potential for educational research under the
highly conteolled condition. offered by CAIL will
lay the groundwork for a theory of instruction that
is useful to the educator. Such a theory of in-
struction will have to be based on a model of the
learning process that has broad generality and yet
yields detailed predictions when applied to specific
tasks.

In my view, the development of a viahle theory
cf instruction and the correspanding learning theory
will be an interaclive enterprise, with advances in
cach area influencing the concepts and data base in
the other. For too long, psychologists studying
learning have shown little interest in instructional
problems, whereas educators have made only primi-
tive and superficial applications of learning theory.
Both fields would have advanced more rapidly if
an appropriate interchange of ideas and problems
had existed. Tt is my hope that prospects for CAI,
as both a tool for rescarch and a mode of instruc-
tion, will act as a catalyst for a rapid evolution of
new concepts in learning theory as well as a cor-
responding theory of instruction,
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AP T AT

TEACHING MACHINES:
A REVIEW!
CHARLES S, MORRILL!

The same forces which have char-
acterized the evolution of general
educational practices are inherent to
the history of the iew science of auto-
mated teaching. As i result of the
expansion and multiplying complex-
ities of political, cconomic, and social
interests, there developed an ever in-
creasing need for the 1apid cducation
of large numbuts of people, New edu-
cationgl objectives demanded new
methods of instruction, aud the his-
tory of education is matiwed by many
diverse attempts at estabiishing more
cfficient teaching procedures. Once
again teaching methods must be re-
evaluated.  Rigid adhetence to the
principie of personal teacher-student
relationships no longer scems feas-
ible -an instructional system more
appiupriate for piesent-day needs
must be e<tablished. 1t is probable
that the use of automated teaching
devices ¢.n Aill this necd 1 the method
of cducation. As Corrizan (1959) has
suggested:
the automated teaching method has grown
out of a pressng need. This need has been
created by a twofold techual g proby-
fem. As advatices in saoncd il tedinology
have been made, there bas Luen an ever in-
creasing demand for well trained instructors;
at the same time the availability of thees
trained persons has been dimmshing, This
sitnativn is aoeravatud furtho by the -
creased scope aimd comploaty of s.bjects, and
the ever inaasing ratio hetween number of
instructors and students (p. 24).

£ hhe rescadh reportad dne this document

'as supported by the Department of the Air
Force under Air Force Contract AF-33.
(603 ,59832.

370 ac authe wislies toac ki ladge the val-
uable editorial assistanue of Syhia Pilsucki.

CURRENT TRENDS IN AUTOMATED
TracuinGg MACHINES

Current interest in the area of
antomated teaching machines is well
illustrated by the simple index of
frequency-per-year  of  published
teacuing machine articles. Fry,
Bryan, and Rigney (1960) report
that for the years prior to 1948 there
arc only 6 references, whereas
through 1959 tiwere were more ‘than
50 reports published.

The grandfather of automated
teaching machines is Sydney L.
Presscy (1926, 1927), who designed
machines for automated teaching
during the mid-1920s. His first de-
vice was exhibited and described at
the American Psychological Associa-
tion (APA) meetings in 1924; an
improved device was exhibited in
1925 at the APA meetings. Both
forms of the apparatus automatically
performed simultancous administra-
tion and scoring of a test and taught
informational and drill material.
Pressey’s device, about the size of a
portable typewriter, presented ma-
terial to the subject via « waall win-
dow. ¥our keys were located along-
side the apparatus.  If the student
activated a key corresponding to the
cotrect answer, the machine advanced
to the next item. If his response was
incorrect, the machine scored an crror
and did not advance to the next item
until the correct answer was chosen.
The capacity of the drum was 30
two-line typewritien items; the paper
on which the questions appeared was
carried as in a typewriter.

PSYCHOLOGICAL BULLETIN, 1961, Vol, 58, pp. 363-375,
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In 1927, Pressey summuarized his
efforts as follows:
The paper reports an cffort to develop an ap-
paratus fur teaching drll inaterial which (a)
should heep each questiva or problum lifore
the learner until he finds the correct answer,
(b) should inforin him at once regarding the
correctness of cach respouse he makes, (¢)
should cuntinue to put the subyet t through the
scries of questions until the cutire lesson has
been learned, but (d) should eliminate each
question from consideration as the correct
answer for it has been mastered (p. 552).

In 1930, Peterson devised a self-
scoring, immediate feedback device.
The Chemo Card, as this device was
later called, utilized the technique of
multiple choice. A special ink was
used by the student in marking his
answer. The mark appeared red if
the answer was incorrect; a dark
color resulted if the answer was cor-
rect. Although Presscy’s notions and
the Chenio Card might have stinu-
lated an interest in automated teach-
ing techniques in the twenties, cdu-
cators and researchers obyiously were
not at that time ready for this ad
vanced concept of teaching.,  Auto-
mated teaching did uot take hold.

In 1932, Pressey published an
artitle describing a kind of auswer
sheet which could be scored by an
automatic scoring device. This ap-
paratus recunded errors by item, and
thus provided the instructor with
clues as to what questions necded
further instruction. In 1934, Little
eaperimented with this device as well
as with the device originated by
Pressey in 1926, His results favored
the use of automated devices in
contrast to regular classroom tedh-
niques.

The neat appearance of automated
teaching literature came a consider-
able nawber of years later. During
World War 1, the Automatic Rater
was used by the Navy for training.
This device projected a question on

& small screen, the subject’s response
consisted of pushing one of five but-
tons.

In 1950, Pressey desciibed a new
automated device called the Punch-
board.  Multiple-choice questions
were presented to the student. ‘The
hey answer sheet inside the Punch.-
board contained holes oppusite the
correct answers only. If the answer
was correct, the student’s pencil
penctrated deeply; if incorrect, the
pencil did not penetrate the paper
significantly.  Angell and Troyer in
1948 and Angell in 1949 repuited the
results of using the Puuchboard.
Both studics suggested the superior-
ity of this micthod over traditional®
classroom procedurcs.

In 195¢, Skinner published *“The
Science of Learning and the Art of
Teaching,” which provided the basis
for the developinent of lLis teaching
machines. In this article, he stressed
the importance of reinforcement in
teaching and suggested teaching ma-
chines as a method of providing this
nceded reinforeement for the learner.

Reports concerning the Subject-
Matter Trainer began to appear in
1955 (Besnard, Briggs, Mursch, &
Walker, 1955; Besnard, Briggs, &
Walker, 1955). This electromechan-
ical device is a large multiple-choice
machine used essentially for training
and testing in the identification of
components and in general verbal
subject miatter.  Latensive rescarch
has been done with this device be-
cause of its counsiderable fleaibility,
i.c., it allows several modes of opera-
tion for sclf-instruction. variety of
programed subject matter, drop-out
feature after items have been mas-
tered, ctc.

The Pull-Tab, used eaperimentally
by Bryan and Rigney in 1956, was a
device in which the subject received
not only a “right” or “wrong” indica-
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tion after his choice but also a sume-
what detailed explanation of “why "
a response was incorrect.  In 1949,
Briggs had found in «aperimenting
with the Punchboard that learning is
significantly enhanced by imimediate
knowledge of results. Bryan and
Rigney's data illustrated that the
combination of innucdiate hiowledge
of results plus eaplanation, if the
student is i1 cor, produced signifi-
cantly higlier scures on a criterion
test than if no explanation had heen
given,  The importance of this 1e-
scarch from a historical point of view
is that it investigated immediate
knowledge of 1esults as a factor enist-
ing on a continuai with “arying
degrees of eficet. Up to this point ainy
comparison mvolving the effective-
ness of teadhing machines liad been
one between classtomine ustruction
and the “new’ machime undor con-
sideration. In Biiges' and in Bryan
and Rigncy's rescarch, however, we
see the bLeginning of a woneern, to
beconie greatu in the neat fov years,
with the possible effccts of spedific
variables and thein interactions on
learning.

The ycars 1957-58 mark the begin-
ing of the puiod in which rosurgent
interest in teaching machines w.s
mitiated. Ramo's arguments (1937)
reopancd the consideration of auto-
mated tedhiniques for dasstoom use.
His article scived as onc of the more
forcelul attempts to alert educators
to the needs and requiromouts for
automated tachnigques i cdication,
Skinner's continuad intuest (19358)
served as the majur catalyst in this
arca. In his artidle, he seviewed
carlier attanpts o stimulate literest
in teaching machines and further ex-
plained that the laauing process was
now better undorstaod wind that this
imcreased  sophistic vtion would  be
reflocted i toaching nuachine tedh-

. .
FaN

A

nolugy. Skinuna rugeested that the
most appropridte teaching machine
would be that which permits the
student 1o compose his1esponsera’lier
than to select it frum a set of alterna-
tives. Ou the basis of this philosophy
and in conjuuction with other prin-
aples of learning theory to whidh
Shiuuer adheres, he designed a teach-
g machine with the following char-
deteristics. The questivns, printed on
« disk, are presented to the student
through a window. The student's
respunse is Wiitten on a paper tape,
whidh is advanad under a trans-
parent covar whon the student lifts
a lever. At this point the conect
answer appears i the window. If the
student is coricct, he activates the
levar 1 oue mianer, which eliminates
the item from the neat sequence. H
hie is incorrect, the lever s activated
in a diffirent manuer, thus retaining
the item in the neat sequence.
Holland (1960), a co-woker of
Skinner®s, has suggeested several well-
kunown learning ptinciples that chould
be applied to teaching machine tech-
nolugy . innediate reinforcenient for
correct answers is a must, learned be-
havier is possible only when it is
emilled and reinfored, gradual pro-
gression (i.c., sniall steps in learning
scyuences and reducing wiong an-
SWUIS) 15 necessary to establish coti-
plea repertoires, gradual withdiawal
(fading or vanishing) of stimulus sup-
port is cifective, it is necessary to
contrul the studcut's observing and
cchoic behavior and to train for dis-
criniination, the student should write
his 1esponse. ‘The Skinner machine
dous in fact emiploy these principles.
Faster and Sapon (1938) described
the Cardboard Mash, a most simple
teaching machine which employs the
principles which Skinner and Holland
outline so clearly.  ‘This device is a
cardboard folder containing mimeo-
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graphed material which is presented
one line at a time. The student, after
writing his rusponse on a scparate
sheet of paper, advances the paper in
the mask, thereby esposing the cor-
rect response.

In 1958, a number of investigators
interested in teaching machines rec-
onuended that the progiamed mate-
rial be a function of the student’s re-
sponse.  This idea suggests that a
“wrang” response may not necessdr-
ily be negative rcinforcement and
that both the “right” and “wrong"”
responses should modify the prograim.
Rath and Auderson (1958) and Rath,
Anderson, and Brainerd (1959) have
sugeeste) the use of a clivital com-
puter which antomatically adjusts
problem difhiculty as a function of the
response,  Crowder’s (1938, 1939a,
19590) conceptof “intrinsic program-
ming”’ permits the response to alter
the programing sequence.

During the lust few years, re-
searchers have been focusing  their
attention on investigating many of
the variables which are pertinent to
the design and' use of teaching ma-
chines. The seemingly simple task of
defining a teaching machine has been
a serious problem to many authors
(Day, 1959;  Silberman, 1959
Weimer, 1958).  Some definitions
have miade more extensive demands
on tewhing devices than others.
Learning  theorists (Kendler, 1939,
Porter, 1938, Skinner, 1957, Spence,
19539, Zeaman, 1939; are now most
outspohe concerning the application
of theorctical concepts to teaching
muchine technology.  Transfer of
training, mdiational processes, rein-
forcemient, wiotivation, couditioning,
symbolic  processes, and  language
stiucture are but a few of these areas
of interest.

There are indeed many otlier vari-
ables about which there is a diver-

geuce of opiniun and about which
experimental evidence is completely
lacking or controversial. The reports
of Skinner (1938), Isracl (1958),
Coulson and Silberman (1960), Fry
(1959), and Stephens (1933) are all
fo .used, at least in part, on questions
related to response modes, e.p., mul-
tiple choice, construction of the re-
sponse, responses with reinforeement,
ctc.  DBriggs, Plashinski, and Jones
(1955) investigated self-paced  vs.
automatically paced machines. The
impor tance of moutivation in connec-
tion with teaching machines has been
explured Ly Hollund  (unpublished),
Mayer and Westhield (1958), and
Mager (1959). -

Essentially, the Mistory of auto-
mated teaching is short —it started in
the mid-twenties and was strenuously
reactivated by the appearance of
Skinner's 1958 article.  LEmpirical
investigadons of many important
issues in this ficld are just now begin-
ning to appear. However, the neces-
sity of developing automated teach-
ing mecthods has been cvident for
many years.

GENERAL PROBLEM Anreas

Definttion

As in any new ficld, the first prob-
lem is one of definition. What is a
teaching machine? Silberman (1959)
says that a teaching device consists
of four uaits: an input unit, an output
unit, a storage unit, and a control
unit. As sucli, this definition indudes
a broad category of devices, from the
most sinple to the most complex.
Weimer (1958) goes beyond the de-
vice itself, stating that a teaching
nrachiine must present informution to
the studcnt as well as test the student
by mecans of a controlled feedback
loop. Crowder (1960) insists that-a
teaching machine
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mast in some way incurpurate two way com-
munication. That is, the student must ro-
spond to the information presented by the
machine, and the mnachme must in turn recog-
nize the nature of the student’s response and
behavc appropriately (p. 12).

Perhaps the most inclusive definition
is one given by Day (1939):

A teaching machine is a meehanical device de-
signed to present a particolar body of mforma-
tion to the student. . .. Teaching machines
differ from ali other teachimg devices and awds
in that they require the active participation
of the learner at every step (p. S91).

Althouph the emipliasis in sotue of the
above concepts is different, togethicr
they give a rather complete descrip-
tion and, if you will, deinition.

Programing

The proviaming of subject matter

for teaching machings is the most (-
tensive and diflicult problumn in this
new technology.  Bedk (1959) de-
scribes specific concepts which he
thinks appropriate for programing a
Skinner-type machine:
A student’s responses may be restricted and
guided in a great numinr of ways. These
range frum ol types of hints (..« simply
presenting the response which ivis desired a
student acquire (p. 55).

Carr (1939) discusses in sotne detail
the miporiance of prougraming in
terms of learning cifficioney and ret.on-
tion. Much of what Lic says 1entains
opui fur cimpirical vaification. Roth-
hopl (1904 has sug ested that the
developnient of progamicd dustruc-
tion suffers from two dillicultics. o
weak rational basis for program writ-
ing and inadequate subject-matter
knowledye amony pruciam writers.
The extent to which any initial
program needs 1evision is perliaps ox-
emphficd by the program in Hlar-
vard’s course Natutal Sciences 114,
Holland poiuts out that the first
program of materials incduded 48
disks, cach containing 29 fraines,
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whereas a revision and eatension of
the program the following year in-
cluded 60 disks of 29 frames cach.
lolland's objective was to extend the
program and decrease the number of
student errors.  Crowder's (1960)
programing objectives are different
from llolland’s. He states:

By mecans of “intrinsic programnming” it {the
pf()gl'd"ll rcmgnizcs st ll(]cﬂl Crrors &s (hcy oc-
cur and corrects them before they can impede

undetstanding of subsequent material or ad-
versely affect motivation (p. 12).

Crowder considers it almost impos-
sible to write a progtam which com-
pletely avoids crior, and therefore
he structures the program require-
meats on -the probability of error,
When an crror is made, the next pres-
entation explains the subject's mis-
take. Depending on the nature of the
crror and whicn it ocuurs, the subject
may cither return to tne original
question or center a program of cor-
rectional material.

Another concept for programing
1s known as branching (Bryan &
Rigney, 1959). Through branching,
many possible routes are provided
through which the subject can pro-
ceed, depending on the response. The
subjects are allowed to ship certain
material if they have demonstrated
a knowledge of it. One study (Coul-
son & Sitberman, 1960) sugests that
under branchinyg conditions subjects
require less training time than under
nonbranching  conditions, however,
results on the criterion test were not
significantly different.

Ior certain kind: of subject matter,
vanishing is still anotha concept for
programing (Skinner, 1958). A com-
plete o neatly complete stimulus is
mesented to the subject. Subsequent
frames gradually omit part of the
stimulus until all of it is removed.
The subject is then required to recon-
struct the stimulus.
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To program verbal learning  sc-
quendes, Homme aud Glaser (1959)
supggest the Ruleg. With this method,
the written program states a rule aud
provides wxamples for this rule.  In
cachi casy, cither the rule or the ex-
ample is incomplete, reguiring the
subject to complete it.

In a recent study  Silverman
(17600 investigated methods of pre-
senting verbal materiol for use in
teachiug machines. He recommended
that further rescarch involving the
design and use of teaching machines
should take into cousideration the
pussibile use of context cues as a mcains
of fudilitating serial rote learning. At
the samg time, however, he stated
that continuous use of context cues
as ancillary  prompts  should  be
avorded, since such prompts  can
mterfere with learning.

The optimum size of steps and the
organization of the programed ma-
teaial are two formidable problems.
Skinuer (1938) states:

Each step must be <o small that it can always
be tihen, yet i tahng it the student moves
somewhat eloser to fully competent behavior
(p. 2).

[n order to determine the value of
steps in a program, Gavurin and
Donabue (1961) investigated the of-
fects of the organization of the pro-
gratued  material on aetention and
rate of learning. They state that the
assamption that optimum  teachiug
nw lsne programs are those in which
itens are presented in a logical se-
quence has becn valilated for acquisi-
tion but not retention. The results of
« study carried out by Coulson and
Silberman (1939) indicated that small
steps were more time consuming but
resalted  in statistically  significant
hizher test scores on one of the cri-
teron tests. Pressey (1939) in prin-
aple disagrees with Shinaer’s -
tions of short and casy steps, and he
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strongly suggests an cxperimental in-
vestigation of this question.  Both
rate of learning aud retention (recall
or rceognition) are of criticad concern.

T e above discussion sug,tsts sev-
cral arcas which are directly appli-
cable to piograming and which are
nnder investigation and,/or need fur-
ther experimentation. Indedd, there
are a number of unaiswered questions
in the programing Cinplex, some of
which lave been suggested by Gal-
anter (1939):

1. What is the correct order of
presentation of waterial?

2. s there an optimum mumber of
crrors that should be made?

3. low fur apat (in soine sense)
shoulld adjacent itenus be spaced?

4. Is experimentally  controlled
pacing mwre Jfective (in some sense)
than sclf-pacing?

3. Is one program equally effective
for all students?

6. \What are the cffects of using
different  programing  techniques
(branching, intrinsic  programing,
vanishing) in various subject-inatter
arcas?

7. What criteria arc most appro-
priate in the evaluation of student
learning?

These questions are but a few of
the intriguing and complex problems
facing inmvestizators in the new field
of prosraming matetial for teaching
machines, Answers to these quections
will help not only the educator but
also the engineer who is concerned
with writing adequate specifications
for the construction of teacking ma-
chines.

Response Mode

The kind of respouse that should
be given by a subject has been a
contioyversial question in the teaching
machine ficld. Pressey’s original na-
chine (1926) required the subject to
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press a lever corresponding to his
choice of answer. The format of the
answers was multiple-choice. Shinner
(1958) emphasized the necessity of
having the subject compose (con-
struct) the response.  Skinner states.
One reason fur this 1s that we want him to
recall rather than recugnize to mahe a re-
sponsc as well as see that it is right, Another
reason is that effective multiple-choice mate-
rial must contain plavsible wrong responses.
which aic out of place i the deheate process of
“shaping" behavior because they strengthen
wawanted forms (p. 2).

Coulson and Silberman (1960) in-
vestigated this question of multiple-
choice vs. constructed response by
using stmulated teaching machines
human beings were used instead of
automatic control mechanisms. Their
results indicated that the multiple-
choice response mode required sig-
nificantly less time than the con-
structed response mode and that no
significant difference was obtained
between response modes on the cri-
terion test.  Further, they reported
that no significant differences were
obtained amony the experimental
groups on the multiple-chovice cri-
terion subtest or on the total (mul-
tiple-choice  plus  constructed  re-
sponse) criterion test. Fry (1939) has
discussed  this responsc-mode  ques-
tion along with other variables, and
he has carried out extensive research
concerning,  constincted  vs.  mul-
tiple-chuice tespoure modes. T'he re-
sults of his study fuvor the use of con-
structed response whea recall is the
objective of the learning.

In addition to the basic contro-
versy (which needs much nore inves-
tigation) Lo tweun inultink - hvice and
cunstructod responses, there are sev-
eral “variations on the theme' which
arc evident.  Stephens (1953) has
recommended that <very wrong an-
swer in a multiple choice question
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appear as a correct choice for another
item. He calls this program “inside
alternatives.” His data indicate that
there was no difference between con-
tiol and expaimental groups on a
criterion test using cither nonsense
syllables or Russian unless cach right
choice appeared as a wrong alterna-
tive for the three subsequent items.
The use of prompts in general has
been shown to be an effective terh-
nique in automated teaching (Cook,
1958; Cook & Kendler, 1936; Coolk
& Spitzer, 1960).

Using learning booklets. Goldbeck
(1960) investigated the effect of re-
spouse mode and learning material
dificulty on automated instructios.
The three response modes used were:
overt response (the subject was re-
quired to comstruct a written re-
sponsc), covert response (the subject
Was permitted to think of o response),
and implicit response (the subject
rcad the respouse which was under-
lined). Goldbeck states:
Learningefficiency scores,obtained by dividing
quiz stores by learning time, showed that the
inplicit {reading ) response condition produced
significantly more cfticient learning than the
overt response condition. The covert response

condition fell bevween the other conditions in
learning efficiency (p. 23),

Concerning  quiz-score results, the
overt respouse group

performed signilicantly poorer than the other
respunse mode groups at the casy level of diffi-
culty.,  Performame of the overt response
group i proved significantly at the intermedi-
ate difficulty level to the estent that it ex-
ceeded the performance of all other groups
(pp. 25-26).

Goldbeck concludes that

duubt is wast upun the assumption that the
best learning is achicved Ly use of casy itens
and requiring written constructed responses
(p. 26).

To the author's knowledye, the use
of an oral response in conjunction
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with the Skinner teaching machine
and its effect on learning rate and
rctention have not beun reported in
the hiterature. Furthermone, the im-
portance of response mode as a func-
tion of reinforcement must be speci-
fied. Israel (1958) has suggested that
natural and artificial reinforcement
aay affect the subjects’ learning. A
most comprehensive analysis of re-
spoisc-mode  aud  feedbadle factors
has been reported by Goldbeck and
Briggs (1960).

The general area of reinforcement
suggests  problens related to  the
diop-out fuature of tedaching ma-
chines. Pressey s (1927) original wa-
ciine dropped-items after the cuirect
answer had been given twice. Skin-
ner's miachines at the Harviad Psy-
chulogical Laboratory also have the
drup-out feature, although the com-
mercially available anachine based
oun Skinner’s design do uot incorpo-
rate this fincture. With referenee to a
study carried out at Harvard, lol-
laund  (uupublished) reporiad signifi-
cantly superior perforinance when the
drop-out fuature was used,

If itens are droppul, the seqquence
of items is of course changed. lTow
important is the sequence? 1f items
should be dropped, by what criterion
of learning can one justifly omitling
an item from the sequence? If items
are not dropped and the creiterion for
the learning procedure is o« complete
run (i.e., once through the scquence
without crror), what is the effcet upon
retention? Being correct s positive
reinforcement, thus, some es un-
der these circinstances will receive a
greater amount of positive reinfurce-
wient than others,  What would be
the ¢ffect of wdditional reinfurceiments
with or without drop-out? \gain, a
plethora of problems and « vaudity of
answers!

Response time, another important
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vdariable, has been investigated by
Brigys, Plashinski, and Jones (1955).
Their study suggests that there is no
diffurence between  sdf paced  and
automatically paced programs as de-
teemsiners of response time. [owever,
the problem of pacing for individual
itetus is still a recent oue and needs
further rescarch.  Another aspect of
response  time  the distribution of
practice has been studicd exten-
sively since Lbbinghaus' investiga-
tion in 1885. Yor examgle, olland
(nupublishied) states that in an ex-
periment at Harvard “a fev stwdents
completed oIl the disks in . small
mnuber of long sessions while others
worhad i many short sessions. . ..
Apparently the way practice was dis-
tributed made little difference’ {p. 4).
Nevertheless, the distribution of prac-
tice, like the problem of pacing, is yet
« subject of conttoversy, with most
investizations favoring some form of
distiibuted practice (Ilovland, 1951).

The abuve scction outlines briefly
some of the majur problems associ-
ated with the vaiables affecting re-
spouse mode. Although some of the
variables have alicady been investi-
gated, these and others, together
with their interactions, need furthe:
rescarch.

Knowledge of Results

There are many peripherai prob-
lews related to teiching machines,
onc of which is the ffect of immeiliate
Loowledee of results on learning.
Angell (1949}, using a  multiple-
choice punchboard technigue, found
that “learning 1s signilicantly cu-
haneed by immediate knowledye of
results.”  Briggs (1949), also using
tlie Pundlibodrd, conlirined these re-
sults.  Bryan and Rigney (1956)
noted superior peiformance when
subjects were given knowledge of
results, specifically, an explanation
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if the answer was incorrect. This last
study was-later expanded by Bryan,
Rigney, and Van llom (1957), who
investigated  differences  between
three kinds of explanation given for
incorrect response. None of the three
types of explanation proved to be
superior in teaching the subject..
Because of their controvertible re-
sults, the above studics demon. trate
that, although immediate knowledge
of results appears o be effective in
the learning procees, this problem
contains many facets which need
more empirical data.

Motivation

One of the many reasens given for
the effectiveness of teaching machines
is that the student's motivation is
increased,  Psychologiste and edu.
cators have realized for some time
that the motivation variable ranks
very high among those variables
pertinent to learning.  In 1938 and
1959, Holland surveyed the uee of the
teaching machine in classes at Iar-
vard lle found that most students
felt that they would have gotten less
out of the course if the machines had
not heen used,, that most students
preferred to have machines u.ed for
part of the course, and finally that
mo<t students felt that the teaching
machine was usced by the instructor
1o teach me as much as possible v ith
a given expenditure of my time and
effort.” During a field tryout of the
Subjject Matter Trainer in the Semi-
automatic Ground Environment Sys.-
tem, Nlayer ard Westficld (1938)
obeerved that “motivation to work
with the tainer is high.” The super-
visory as well as the operational per-
sonnel encourazed the use of this
training technique.

Mager (1939) suggests that moti-
vation and intercet are a function of
the percentage of correct respouses.

He observed that in two young sub-
jects negative feelings for learning
mathematics in the usual classroom
situation did not transfer to learning
mathematics by means of a teaching
machine. The causc of this phenome-
non is perhaps best explained by the
subjects’ statement that, because
they were able to understand the
programed material, it did not seem
o be mathematics at all. “This inter-
esting relationship hetween compre-
hension and motivation needs further
investigation,

Equipment

There are many inexpensive models
of teaching machines which will soon
hit the consumer market. For much
of this equipmest, there is very little
experimental evidence which sup-
ports the various designs.  As previ-
ously pointed out, lolland has col-
lected data which support the efii-
ciecncy of the drop-out feature in a
teaching machine; yet commercial
models presently available do not
incotporate this feature, presumably
because of its high cost.  Generally,
it scems that production is now and
will continue to be out of phase with
much of the research which has pro-
vided nccessary teaching machine
specifications.  Moarcover, hecause of
their expense, it is likely that some
very important  features will  be
omitted in manufacture.

The methods of displaving pro-
gramed material, another uneaplored
problem arca, must be investigated
so as to provide the design engineer
with rcquirenients based on empirical
findings. The display problem is less
acute, perhaps, with material for the
clementary school than it is with pro-
grams designed to teach maintenance
procedures and aspects of the bio-
logical sciences.

The use of computer controlled
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teaching muchines has been recom-
mundad by many authors (Coulson
& Silberman, 1959, Skinner, 1958).
Culizing a central computer, with
nuny prograins capable of adapting
to ndividuad needs and of pmoviding
<tiunulus mgterials to SO or nore
studonts simultascously, is o feasible
aution for lurgescale training pro-
stams, With a computer, the display
prublum again bocomes a major issue
Truining in pattern recognition, in-
Tonmation handling, aud display in-
terpretation are but a few appropriate
aeas which should be studied.  The
alternate modes of presentation be-
CUome more extensive as tomputer
Capacity dnaeases,  In the wse of
cudtain Kinds of subject aatter, o
colmputer  generated, pictorial  dis-
play of information may be o« mor2
cllective presentation than other dia-
play  techniques. Puture rescards
st sulve these problens in equip-
nent design,

Veaching Machines and Other
Techniques

The use of autvmated toadhing
devices may be uptitmized, pochags,
it there is a proper balance between
this tedhinique and other compatible
teaching mcthods, What pocontage
ol a course should be madline taught?
What suljject matter is best suited to
automated  devices? 0 chassioom
couraes wetgas Gacfully amd thought-
fully propramcd as sume of the pro
wfanuts aurtently being prepared for
taaching nnadhines, might suine of the
advantages of machines  diminish?
Pahaps some of the appaient ad-
vantages of wadching machioes ate no
mo.e than ancthiods of illustiating
correctable dassroomn technigues! 1t
mi it well be that the in<tructor’s
cithusivam aad inspitation, o fuctor
supposadly dominant i higher edu-
cation, is vital in mastering a par-

creativity  in certain students  be
harmed by extensive cducation via
the machine? Again, cot sideration of
the use of a teaching nachine, the
subject natter, the program, the
level of cducation, caid the techniques
used i combination with the teach-
ing machine provide a fertile field for
eapuientation. s of now, ques-
tions in this arca ranadn unanswered.
Silvaman (1960a) has presented an
excellent, detailed di. cussion of prob-
lesis wnhicrent in this new technology
of automated teaching and the cur-
rent trends in the field.

PropriMs oF ArrLICATION

T'he most obvious problems in the
attunpt to use automated teaching
tevhnigues have been outlined in the
presious section. There is still much
of the unhnown associated with
technigues, machines, programing,
ete. to be climinated before a direct
solution to « particular training prob-
lem can be specified, Many alterna-
tives cxist, the hest of which has not
yet been determined. In addition to
these voids, there is a scrious lack of
dufinition in the objectives of many
training programs.

\What is the objective of a particu-
lir automated couse or program?
From a pragmatic peint of view,
what ame the criteria by which a
spdific educationel program can be
cvaluated? For eaample, the objee-
tives uight range from the teaching
of rot, tasks to the presentation of
mor. abstract material. Needless to
say, the techiigues for both teaching
and  evaluating learning could be
substantially diffcrent in cach case.
The puipose ol teaching, the objec-
tive of an cducational program, nust
Lo initially defined. Oaly then will
the coneepts learning and teaching be
meaningfal ‘n a particular context.

Muer definition, the aeat step is to

ticular subject-tatter area.  Will  dotenmine what subject matter will
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provide the studcnt with the neces-
sary itformation. It is at this point
that the major pitful; in cduzation is
likely to appear. Even though niany
traintng programs do not have a de-
fined objective, thait course content
is uonctheless prescribied, and the
teat and,’or naterials usad in presvi-
ous, nonautontated courses hecome
the prime source of material for an
automated  teacking program.  To
prograu an automated teadking mg-
chine with presently available ma-
terials might well 1esalt only in a
nore clficicut method of teadhing
the wrong material!

The third step requires dedision: in
the selection of appropriate teaching
technigques.  Answers to questions
involving  programing, choice  of
teacking achine, learning proce-
dures, pacing, and response miodes
are still not known.

The fourth and Tast step requites
an evaluation of the sdected anto-
mated teaching method in terms of

the orixinally established objectives.
Con\ enitional methods of instruction
should be compared with the innoya-
tive mcthods by mcans of a specific
sct of ciiteria, e.g., i terus of train-
ing tine, job purformance, retention
of lear ned information, ctc.

The questions coufroating the re-
scarcdicn in teaching macliine techinol-
ogy are une cxample of the broada
questions of man-nadhine intadda:
tion. Data pertinent wo the principlos
of human cuginecering, the optinimm
man-mdagnine interaction, the degiee
to which the machine can paforin
function, formerly allocated to man,
and the appropriate allocation of
functions oty con man and uad b
will he provided by a 1eseatch pro-
gram investigating  teaching  nia-
chines. lunadequate atteation to am
of the wbove-mentionad steps wili
result in fatlure to provide tie needed
auswers @ ficld which may increase
taining  effectiveness  and  reduce
training costs.
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Instruction and the Conditions

of Learning

ROBERT M. GAGNE

INSTRUCTIUN OF THE YOUMNG, AS WELL AS OF THE UNINFORMED OF ANY
age, has been considered a worthy enterprise throughout history. Tt has
usually been acknowledged to be a highly complex human activity . For
the wost part, it must be carcfully planned and exccuted in order to
accomplish its objective, which is to bring about learning in anothcr
individual. Typically, it requires an intricatc web of communication
with a Jearner, and this communication is calculated rather than casual.

The planning and design of instruction nowadays arc done both in
a long-range and a shurt-1ange fashion. Long-range dcsign, for instruc-
tion that extends beyond about one day, is done by a number of
different agents, including the curriculum designer, the faculty com-
mittee, and the textbook writer. Short-range instructional design is
usually accomplished by a teacher in the deyvclopment of a course
outline, a lesson plan, or a sct of notes.

A specific kind of instructional design, often thought of as the
particular province of teacher activity, may be called extemporaizcous
design. It occurs when the teacher decides upon cach new communi-
cation as a result of what has immediately gone before within the give
and tzke of a classroom, seminar, or tutoring scssion.

In a broad sense, then, there are many possible agents who may be
involved in the design of instruction. The teacher is not the only
designer of instruction simply because he is also its practition:r. The
principles of design must be highly similar, if not identical, whether
instruction is short-range or loxllg-rnngc.

INSTRUCTION, SOME CONTEMPORARY VIEWPOINTS, edited by L. Siegel {San Fiarcisco.
Chandler) 1967, pp. 291-313.
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There are undoubtedly some other principles pertaining to the
execution of instruction, different from those relating to its design. The
activity of the tcacher, naturally enough, tends to carry out extumpo- .
rancous design and also the execution of instiuction in rapid succession,
so that it is sumetimes difficult to make a definite distinction between
design and «xecution. In this chapter, I deal almost entirely with the
design of instruction, and accordingly with only that part of the
teacher’s performance pertaining to such design. The main interest is in
how instruction may be designed, whether on a short-term or a long-
term basis and whether by teachers or by other agents.

Crasses oF VARIABLES IN LEARNING

The purpose of instruction is to bring about a change within the
learner, a chinge of the sort called learning. At time ¢, it may be
observad that the learner s incapable of performing task X. A period
of instruction is then instituted. Then, at time ¢ + 1, it is noted that the
learner is now able to perform task X and that he is also able to
perform the same task after an additional interval, say, at time ¢ -+ 2.
Bisically, these are the obsetvations that lead to the inference that
learning has occurred. A change in performance has occurred and is
rctained over a period of time. The inference is that some internal
capability of the individual learner has been altaied by the instruction
which was given, and it is this change in capability that is called
learning.

What are the variables that enter into the situation and affect the
phenomenon of learning? There are a number of variables; some of
them are appropriately a part of what is called instruction, while some
ire not. It will be uscful at the vutset to draw some distinctions among
these variables.

Variables avithin the Learner

This category includes the learner variables initial capabilities and
motivation. If the icarner is to be instructed in task X, it is assumed for
purpuscs of this ez .uple that this particular capability is not initially
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present. But there may be other capabilitics w hich arc also not present,
and if they arc not, instruction specifically designed to teach task X
\}-ill not work, Certam innately determined capabilitics may be absent,
as m a meneally deficicnt individual, or certain capabilitics ordinarily
dependent upon previous learning may be missing. For example, in-
struction in the solution of problems involving vector resolution of
forces may be impossible if representation of tiigonometric ratios has
not prc\iou.sly been learned. To take a Jpler example, instruction in
pronouming printed letter combinations w ill not work if the child has
not previously leained to distinguish the printed letters onc from
another. The learner’s initial capabilitics constitute some of the most
important variables in the process of learning.

Motivation is another kind of state internal to the lecarner and
prerequisite to cifective instruction. Motivational states are usually
considered to be alterable by different means than are initial capabili-
tics. However cstablished, it scems fairly clear that a certain kind of
motirational statc must be present as a precondition for learning
(Gagné and Bolles, 1959). It is probably a mistake to think of the
necessary state as “niotivation for learning.” Instcad, the essential moti-
vation is something more iike “willingness to enter into the learning
situation.” Obviously, if an individual is dctermined not to respond to 2
learning situation, but to escape fiom it physically or otherw ise, in-
struction cannot be cffective. If a child turns his attention from the
learning situation, instructivn will not operate to bring about a change
in his capabilitics.

Another mutivational state necessary for learning is called alert-
ness. According to recent cevidence (Lindsley, 1957), the receipt of
stimulation by higher levels of the central nervous system is a specific
brain function. If this alerting system is functioning in a particular
way, environmental stitnuli wiil reach the higher centers; if it is func-
tioning in another way, they will not. Thercfore, this system must also
be opcerating properly in ot der for instruction to affect the individual.

Variables in-the Learning Situation

The sccond broad class of variables affecting learning consists of
those located outside the learner and within his immediate environ-
ment. Together these variables constitute what is usually called the
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learning situation. A number of different variables may be distin-
guished.

There are stimuli which dircet the learner's attention and thus
determine which aspects of the total stimulus situation will be received.
Almost any form of stimulation is possible as a dircctor of attention.
Initially, any sudden change in stimulation commands attention. But
the learner may alsu have acquired certain observational habits, and
because of these his attention may be dirccted by moderate or even
faint stimuli. The first-grade teacher may initially direct her pupils'
attention by clapping tier hands quite smartly; but the pupils rather
quickly learn to pay the same attention to a much less intense handclap
or even to a spoken word.

The stimuli which are to be involved in the performance being
learned constitute another part of the total learning situatiun. These
specific stimuli are of course only a portion of the total stimulation of
the leirning situation, but they are essential ones. For a science student
lerning the concept of vaporization, the specific stimulus is a liquid in
the process of vaporizing For a child learning to read, the essential
stimuli are printed words. As the individual devclops in language
ability, it becomes increasingly feasible simply to represent the specific
stimeli by means of printed or spoken words. To an adult who “knows
the words,” it is possible to represent the stimulus of a telephone pole
in the verbally stated proposition “Telephone poles are at least one foot
in diameter.” Even for adults, however, many learning situations need
to include the essencial stimuli chemselves.

Verbal conmmmnications which stimulate learner responses consti-
tute a fairly large subcelass of variables within the learning situation. In
gen -l these are commands, suggestions, or other statements to which
the learner is presumed able to respond correctly. For example, a
statement beginning “We have already scen that . . " suggests the
action of recall on the part of the learner. “Now, we shall con-
sider . . .” is another kind of verbal communication in this gencral
class. “See if you can follow . . . ,” “Now notice that . . . ,” and “It
should be possible to find out whether . . .” are still other examples.
Very often, such verbal communications are made in the form of
questions, like “Can you show that these two statements arc cquiva-
lent="" In a later section, the atcempt is made to classify the functions of
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verbal connnunications niore preciscly. For the monient, it is important
to nute the following two things about than. (1) They function to
direct the behavior of the lcarner within the learning sttuation, perhaps
they might be called “verbal directions” for this reason. (2) They
actwally contey no coutent to the learner pertaining to the capability
to be learned; instead, they arc independent of content.

The presentation of stimuli and veibal directions within a learning
situation is subject to variation in sequence. Thus, the essential stimuli
may be presented first, they may follow onc or more verbal directions,
or they may remain throughout the learing event. The sequence of
questions coastitutiag the verbal dircctions may also be varied. A
question which gencrates recall of sume previously learned capability
may come first, or it may be preceded by a statement informing the
lcarner about the objective of the learning. Other variations arc pos-
sible. Sequcice of verbal communication is likely to have sonic demon-
strable importance in most kinds of leazning situations, derived in large
part from the cffects of contiguity of certain events within the total act
of learning (scc Underwood, 1952).

Instruction and Learning

There are, then, two broad classes of variables that influence
lcarning. thosc within the learner, and those in the learning situation.
Thesc scts of variables undoubtedly have interactive cffects upon learn-
ing, as many writers have emphasized. The eaternal variables cannot
exert their cffects without the presence in the learner of certain states
derived frum motivation and prior learning and development. Nor can
the internal capabilitics of thenwselves gencrate learning without the
stimulation provided by eaternal events. As a problem for research. the
learning preblum is one of finding the necessary relationships which
must obtain amony internal and eaternal variables in order for a change
in capability to take place.

What is instruction? Inscruction may be thought of as the institu-
tion and ariangement of the external conditions of lcarning in ways
which will optinully interact with the internal capabilitics of the
learncr, so as to bring about a change in these capabilities. Instruction
thus dcals with the manipulation of the conditions of the lecarning
situation --with conmanding attention, with presenting cssential stim-
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uli, and with the nature and scquence of verbal directions given to the
learner. The function of instruction is the control of the external
conditions of the learning situation.

VarieTies or Craxce CALLED LEARNING

The dectermination of the naturc and scquence of the cxternal
conditions of lcarning is surcly the purposc of the great bulk of
learning rescarch over a period of many ycars. Over much of this
period of time, too, there has been a guiding assumption that the nature
of the change called learning must be in some fundamental sense the
same, regardless of what is being learned. Accordingly, for a great
many vears, theorics about the optimal conditions for learning have
been dominated by concern with the variables of conriguity, reinforce-
ment, and frequency. Investigators have scarched for certain general
Liis relating these obviously important variables to learning outcomcs,
independently of “what is being learned,” that is, of the nature of the
change in capabiliry being studied.

Although the verification of general laws is surcly a desirable
objcctive, the assumption that the kind of change in capability being
studicd is always somchow “the same” may be unjustified. Flow much
similarity is there, actually, between the Kind of change represented by
a child lcarning o say his first word and that represented by a more
expericnced child learning to read printed English sentences? Or be-
tween learning to distinguish triangles from rectangles and learning to
denionstrate that the sum of the internal angles of a triangle is the same
as a straight angle? How much similarity is there betw cen the learning
of new “facts” by a beginning chemistry student from a textbook and
the learning of new “facts™ by his chemiistry professor from a technical
journal>. All of these arc surcly cxamples of learning; that is, they
involve a change in capability which can be inferred from a before-
and-after comparisun of performance. But are they the same kind of
change?

Despite the prevailing emphasis on fundamental similaritics of
ptucess in various larning situations, investigators of ]c.lrning have
alway s recognized certain “types” of learning. There is “trial-and-crror
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learning,” “discrimination lcarning,” “paircd-associates learning,” “con-
cept learning,” “conditioncd-1esponse learning,” and so on (scc, for
cxample, Mclton, 196+4). But these varictics of learning havc tended to
be identificd with certain Linds of stimulus situations gencrated by
particular cquipment or materials, like the bar-pressing apparatus, the
memory dium with v.rbal syllables, or the nuaze with choice points.
The tendency has 2ot been fur these types of learning to be distin-
guished in terms of the kind of change in capability they imply. The
questions that have tended ot to be answered arc of this kind. YWhat
sort of capability ducs the learner have (that he didn't possess before)
when he has completed learning a list of verbal paired assuciates? Or
whien he has acquired a distinction betw cen responscs appropiiatc to a
white card and to a black card? Or when he has learned to identify
“food words" and “flower words”?

Differences in Performance Outcomes

An examination of the performances which reflect the outcomes
of learning has led mc to the conclusion chat there are a number of
varictics of these activitics (Gagné, 1964, 1965). These kinds of per-
formances may be called:

1. Specific responding.

2. Chaining (motor and verbal).
3. Multiple discrimination.

4. Classifying.

5. Rule using.

. Problem solving.

Each differs from the others, in the sense that it is possible to distin-
guish the kinds of things that the leainer can and cannot do in cach
instance. The capabilitics underlying these performances form a par-
tially ordered set. the acquisition of a more complex caprbility requires
the previcus existence of a simpler one, whereas the possession of a
simpler capa.lity dvcs not imply that the individual can exhikit a more
complex onc.

For example, the performance hknown as rule using (or principle
using) implics that the individual can also classify the terms which
make up the rule, otherwise, he would not have been able to lcarn the
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rule. On the contrary, the individual who can classify the terms con-
tained in a rule does not necessarily know the rule, that is, he cannot
necessarily show that he can use it. At one point in his education, a
student may know what the concept “borine™ means (as a member of a
class of chemical clements), what “gas” means, and what “room tern-
perature” means. Yez he may not have acquired the principle (rule)
reflected in the statement, “Borine is a gas at room temperature.” If he
alicady knows how to classify these terms, learning the principle is
casy, if he dues not know the terms, acquiring the principle cannot
take place until he docs.

Differences in What Is Learned

The caistence of differentiable perforinances as outcoines of learn-
ing naturally leads to the inference that different hinds of capabilitics
arc wstablished by learning. The ncural mechanisms determining these
capabilitics are presunably different for cach one, but this possibility
can only be guessed at with present evidence. [owever, the capabilitics
mferred from the performances do have different names, more or less
familiar to psy chologists. Tt is important to the present discussion to
draw a carcful distinction betw een the performances made possible by
lcarning and the capabilitics inferred as underly ing these performances.

Table 10-1 contains a Lst of distinguishable kinds of performance
which may be observed as learning outcomes. The second column
defines cach of these performances in terms which imnply the criteria of
distinction. The third column contains an exanple of cach perform-
ance. The fimal colunin provides the name nost commonly used to
identify the inferied capability corresponding to cach peiforance. Tt
nuy be noted that, in certain instances, the commonly used name for
the ty pe of perforiance is at least partially the same as that used for
the capability. This is unfortunate, but changing language customs
cannut be attempted within the scope of this chapter. Succcessive rows
of rhe tble, reading duwn, refer to increasingly complex kinds of
performance, and the moire complea performances are hypothesized to
iriply the preesistence of less complex capabilities (that is, chissifying
inplies that discrimination capability already exists in the individual,
and so on).
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Tantt 10-1. Types vi Perioraaxce. Winen Are Quicons or LrarxNing, witn
Dirivimions, Exwpres, axo Corresproxmxa Invirren Carasitines.

Perfurmance Inferred
type Definition Example apability
Spedific re-  Making a specific response to 2 Child saying Connection
sponding ! specified stimulus “doll" when
mother gays
“dolt"
Chaining:
Motor  Exhibiting 2 chain of responses Unlocking a door  Chain
cach member of which is linked  with a key
to cach subsequent member
Verbal  Exhibiting a chain of verbal re-  Giving French Verbal  asso- |
sponses lnked by implicit codes  cquivalents of ciation; verbal
English words;  scquence
saying “A stitch
in time saves
ninc”
Muliiple  Making diffcrent (chained) re-  Naming a specific  Discrimination
discrimina-  sponscs to wwo or morc physi- sce of object col-
tion cally ditferent stimuli ors
Classifying  Assigning oljects of different  Distinguishing Concept

Rul: using

Problem
solving

physical appearance to classes of
like function

Performing an action in confor-
mity with a rule represented by a
statcment containing terms which
are coneepts

Solving a novdd problem by com-
bining rules

various objccts
as “plant”’ or
“animal"”

Placing i before e
cxeept after ¢ in
spelling various
English words

Raising an auto-
mobile without
using a jack

Principle (or
rulc)

Principles plus
“problem-
solving
ity”

abil-

* In commonly accepred terminology, this is the instrumental vesponse.




Tue REQUIREMENTS oF INSTRUCTION

The account of various kinds of performance has been given
because it sccans lighly probable that there are corresponding varictics
of performance change. In other words, the identification of these
different Linds of performance, together with the diffurent khinds of
capability they imply, suggests that there may be at least as mmany
different kinds of learning. And if this is so, it may bLu supposed that
there cxist an cqual number of conditions of effective lcarning to
correspoud with cach varicty. A theory of instruction, then, cannot be
maximally uscful if it concerns itslf with only those conditions that
are general to all classes of learning. Instead, such a theory must
concern itself in an individual manner with cach of the types of
learning.

Kinds of Learning

The idea that there are as many as seven kinds of learning is not
entirely a novel one. A number of writers (\Woodworth, 1958; Tol-
man, 1949, Mowrer, 19,0) have emphasized the immportance of giving
scparate consideration to scveral learning varietics. Skinner (1938,
1957) also describes different coanditions fur establishing connections
(operants), chains, discriminations, concepts, and several types of ver-
bal sequences, without necessarily using these names for them. Actu-
ally, the hinds of performance listed in Table 10-1 are distinguished by
niost cducational psy chologists when they find themsclves in the posi-
tion of being required to survey the range of naturally occurring
events called learning,

These scven varictics of learning ay be established by different
sorts of conditions for learning, that is, by different kinds of jnstruc-
tion. Although the reguisite conditions for the simpler types arc fairly
well known, those for the more comples types are not well known and
have not yct been thoroughly established by careful experimentation.
It is possible, however, to describe what does appear to be known
about the conditions for bringing about these varicries of performance,
bused upon caisting expurimental ¢vidence liberally supplamented by
ordinary obscrvation. A sunimary of the learning conditions appropri-
ate to cach of these varictics is given in Table 10-2 (see Gagné, 1965).
The table indicates, for cach hind of perrormauce learned, the internal




TasLe 10~2. Sunimany oF Cononioxns CoNstoered NECESSARY FOR
Sevexn Kinos or Liaryive.

Perforruance
established
by learning

Internal
(learner)
conditions

External conditions

Specific
responding

Chaining:

Motor

Verbal

Multiple
discrimina-
tion

Classifying

Rule using

Prublem
solving

Certain lcarned
and innate capa-
bilitics

Previously iarned
individual connce-
tions

Previously learncd
individual conncc-
tions, including
implicit “coding”
connections

Previously learned
chains, motor or
verbal

Previously learned
multiple discrimi-
nations

Previously learned
concepts

Previously learned
rules

Prescntation of stimulus under conditions comr-
manding attention, occurrence of a ccsponsc con-
tiguous in time; reinforcement

Prescnting a sequence of eaternal cues, cffecting a
sequence of specific responses contiguous in time,
repetition to achieve sclection of response-pro-
duced stimuli

Presenting a sequence of external verlal cucs,
effecting a sequence of verbal responses contig-
uous in time

Practice providing contrast of correcs and incorrect
stimuli

Reinstating discrinsinated response chain con-
tiguously with a wariety of stimuli differing in
appearance, but belonging to a single class

Using external cues (usually verbal), cffecting
the recall of previously learned concepts con-
tiguously in a suitable scquence; specific appli-
cations of the rule

Sclf-arousal and sclection of previously learned
rules to effect a novel combination

conditions presumeld to be

necessary for learning and the external

conditions which may be uscd to bring about the learning. It will be
noted that cach more complex performance is considered to require
simpler capabilitics as prerequisites. The caternal conditions, which
should prorvide dircct implications for instruction, vary consideraby
with the hind of perfunimance the learning is capected to mahe possible
in cach case.
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Some examples, which may be helpful in the interpretation of
Table 10-2, arc given in the following scctions,

VERBAL CHAINING

Example; Learning that the English words “the foot” arc a transla-
tion of the printed French words le pied.

First, the internal conditions listed in the table tell us that some
previously learned individual conncctions must be recalled. These are
(1) saying “foot,” a capability which can be assumed; (2) observing
the printed word pied, which can be checked by asking the learner to
pick it out or to say it; and (3) a coding conncction such as pedal,
which will form the sequence pied-(pedal)-"foot.” This last connec-
tion may be supplied as part of the instructions, or the learner may he
encoutaged to supply his own. The internal conditions having heen
,atisficd, the caternal ones are casy. The stimalus pied is presented;
verbal cues such as the printed words pedal and foot are presented at
the same time (that is, contiguuusly), and the learner says the word
“foot.” Assuming now that the learner knows that this is the kind of
performance expected of him, it may be said that the verbal sequence
picd-"foot"” has been learned.

MULTIPLE DISCRIMINATION

Exmirple: Learning a number of different English words for a
number of different French words.

Suppose now that the learner is expected to acquire not only
pic.d-*fout” but also z2zain-"hand,” doigt-‘finger,” and perhaps several
others as well. [t is reasonable to think chat cach of them can be learned
under the samie hind of internal and external conditiuns as was the first.
But another difficulty asises if he attempts to learn then all. there will
be interference among these chains. Unless some additional set of
conditions is a!ded, the words will tend to be forgotten almost as fast
as they are learncd. The hind of condition used is practice. Again and
again, these previously learned individual chains are recalled, using
exiernal verbal cues as before and Jifferentiating the right from the
w rong stiniuli to i associated with cach response by telling the learner
when his response is right or wrong. Of course, the amwount of practice
necessary will depend on how many of these chains the learner at-
tempts to acquire as a total set. Bue practice is the major emphasis of
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the external fearning conditions when muitiple discriminations are to
be acquired.

CLASSIFYING

Example: Learning the botanical clissification tuber and the verbal
classification “tuber.”

The table indicates that previously learned discriminations must be
recalled. In the example at hand, these discriminations pertain to the
physical appearance of plint stems on the one hand and of roots un the
other. Following this recall, a variery of examples is presented, illustrat-
ing the appearance of tubers as enlarged stems. In cach case, there is
reinstatement of a chain such as potato(or pictured potato)-tuber-
“tuber.” In order to emphasize the distincticn, a similar set of examples
may be presented for root.

RULE USING

Example: Learning the rule “Pronouns which are the subjects of
sentences are in the nominative case.”

According to the table, the first concern is with the recall of
previously learned concepts. External conditions mast be arranged to
supply verbal cues to stimulate such recall. Verbal cues may be in the
form of questions, such as “IVhich of the following arc pronouns:
Which of these words is the subject?” These concepts having been
arouscd, it is then a fairly simple matter to use their names as verbal
cues for the mile to be learned; in other words, to state the rule:
“Pronoun subjects arc nominatiyv2.” But 1t is also important at this point
to insure that such a statement is not lcarned mercly as a verbal
sequence. The next step in arranging extcrnal conditions, then, is to
requirc a number of specific applications of the rule, such as “Supply
the first-person pronoun for the following sentence. ‘— students Lhe
football games.” ” A suitable varicty of examples of rule application, of
course, needs to be provided.

Funcrioxs or THE INSTRUCTOR

tion nceds to be tailored to the particular objective which represents

N

l The viewpoint presented here is that the form tahen by instruc-
|
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the hind of performance change to be brought about. Instruction is

used tu establish the necessary conditivns for lcarning, and instruction

differs in accordance with what is to be learned. The hinds of cormmu-
nication required for establishing a verbal chain are quite different
from those required for establishing a principle, and they are likewise

different for all the other categories of perfurmance change listed in
Cables 10-1 and 10-2.

The major implication of this approach to the problem of instruc-
tion is surcly that the instructor cannot be guided by a simple set of
rules that apply to all cases. The nmportant aspects of the instructor’s
behavior do not lie in the fact that he uses a general principle to control
learning (such as reinforcement or contiguity), but rather in the fact
that he cmploys different techniques for different kinds of Icarning.

The functions performed by an instructor in helping to bring
about these varivus khinds of change are discussed in the following
paragraphs. For convenience, these functions are classified under four
headings. (1) functions performed carly in the instructional sequence,
(2) functions designed to evohe and guide learning, (3) functions
encouraging gencralization, and (4) functions permitting an evalaation
of outcomes.

Performing Early Instructional Functions

PRESENTING THE STIMULUS

This important function for the instructor can be implemented by
pictures and other audiovisual aids. Sclecting the proper stimulus re-
quirces mahing some good decisions. Lor exampic, if motor chains are to
be learned, a portion of the necessary stimuli ought to come from
muscular movement, presenting these stimuli becomes a matter of
permitting repetition of the motor acts. If a child is learning to name a
specific object (a verbal chain), the object itself must be presented; it
cannot be repr-sented by a word, as may be dune with an adult, who
has already acquired such a link. If a classification is being learned, a
sufficiently great variety of stimulus objects must be presented to
reprosent the cluss, otherwise, the concept acquired will be inadequate.
If a rule is being learned, the verbal statciient of the rule is not always
a sufficient stinmulus, since it may merely lead to learning the verbaliza-
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tion itsclf. Instead, situations requiring application of the rule must be
presented as stimuli.

CONTROLLING ATTENTION

Directing the learner’s attention to essential aspects of the stinulus
situation is anothcr function the instructor performs in controlling the
conditions of learning. This is done in various ways, peihaps by intro-
ducing extra stimuli into the situation (arrows, pointers) and often by
verbal commands. It is obviously important to all forins of learning that
the relevant stimuli be perceived. For example, the attainment of the
biological concept cell may require that attention be paid to such
characteristics as meinbrane, nucleus, and cy toplasm since these are the
major identificatiors to be recalled.

INFORMING THE LEARNER OF OBJECTIVES

A requirement of instruction which may transcend the conditions
of learning previously discussed is that the learner be informed about
the nature of the performance cxpected when learning is finished.
Presumably, this procedure establishes a continuing set which facili-
tates learning, perhaps by making possible rcinforcement at sevcral
points in 2 rather lengthy scquence of activities (sec Gagné, 1965,
Chap. 9). Providing information about expected performance may also
be justified as a way of establishing a conceptual structure under which
ideas co be learned are subsumable (sec Ausubel, 1963).

Suppose that a new rule is to be learned, such as “adding the
numerators of fractions with identical denominators to obtain a sum.”
The instructor conimunicates to the learner w hat is meant by obtaining
a sum and, particularly, what a suin may look like. He might do this,
for instance, by saying, “Now you nced to learn how to obtain the sum
of two fractions having common denominators, such as 35 and 5. The
sum of these, y ou will sce, is 75." It appears probable that a sequence of
instruction w hich begins by communicating the objective of Jearning is
morc effective than onc which does not begin this way. However,
additional cxperimental cvidence on this point is needed.

STIMULAYING RECALL OF PREVIOUSLY LEARNED CAPABILITIES

I have already indicated that stimulation of recall is a very impor-
tant part of instruction, applicable to all of the varictics of lcarning.

e
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Accordingly, it is onc of the cssential functious of an instructor. As
described in Table 10-2, the necessary internal conditions for learning
always include some previously learned capability of a simpler sort.
Recalling these capabilities is usually an carly step in instruction.
Recall is often stimulated by means of verbal comnmnication,
although it nece not be. A question may be “Do you remember that we
learnied to distinguish between a stem and a leaf?” In another form, a
question of similar intent might be “What are the m:in parts of a plant
above ground:™ The first of these questions requires only a recognition
response on the part of the learner, while the second requires him to
reinstate a previously acquired perforiance, It is not possible to find a
simple rule gurcrning the relative effec.iveness of these two forms of
question, the important thing is that they both have the function of
stimulating recall. The necessity for having these previously learned
capabiliies “lively™ in memory provides still another example of the
importance of contiguity in leazning. Not only must external events be
contiguous for cffcetive learning, bat also recalled memoties must be
contiguous with these events. '

Evoking Performance

Presumably, the acti.ities of presenting the essential stimuli, con-
trolling attentivn, inforndng he learner of objectives, and stimulating
recall constitute the ca-ly cvents of instruction and need to occur
approximately in the order given. The next step, broadly speaking, is
one of evoking the required performance that is being learned. Thus,
the application of a part.cular sequence of events to stimulate the
learner is another funcuion w'ich may be carried out by the instructor.

DETERMINING A SEQUENCE

There are probably effective and incffective sequences depending
npon the catcgory of performance dealt with. For example, as is well
known, a relatively short verbal sequence (such as wollen Sie bitte)
may readily be learned by being presented all at once, whereas a long
one (like the stnza of a poem) nuy well require a more claborate
sequence of presentation, as is implied by the “progressive-part
method” (McGeoch and Trion, 1952). Similarly, 4 objects requiring
multiple disciimination can often be cffectively presented in a single
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“grial,” wheteas 20 objects ty pically imply the nced for a scrics of
interspessed learning and recall trials (Gagné, 1965, Chap. 5). Lach of
the varictics of learning 1equires a different decision about a proper
sequence of presentation, morcover, the length and nature of the
content to be learned are also likely to affect this decision.

PROMPTING AND GUIDING THE LEARMNG

‘The nced for prompting as a part of the learning situation is quitc
frequent for many t pes of performance change. For example, cvoking
the correct verbal chain which provides the French word for “horse”™
requires that the instructor supply not only the stimulus Lorse but also
the printed or spoken word cheval, in order that the learner for the
first imce institute the perfurmance of saying “cheval.” An additional
prompting word or phrasc ruay also be used for the coding response, as
when the presentation of horse-(chevalier)-“cheval” is made to the
leamcr. Eaternal verbal cucs (prompts), such as the verbal nanic for a
concept, arc comuionly used in connection with learning of the clas-
sifying sort. Thus, the presentation of cach of scveral varetics of ccllis
often accompanicd by the prompting verbal sentence “This is a ccll.”
(Note that the lcarncr in this situation is not learning to say the word
“cell”—he alrcady knows that, prompting him to say it in this situation
is simply a2 means to the cnd of learning the correct classification for
several different stimuli.)

A sumcwhat more claborate kind of prompting, which may be
called guiding learning, may be cmployed by the instructor when
relatively comples rules are being learned or when the learner is being
encouraged to discover new rules for himsclf, as in problem solving. In
such cascs, a scquence of verbal statements or questions may be cm-
ploycd in order to aid the learner’s progress through several steps of
reasoning to the priuciple being acquirced. Learning to cmploy a rule
and discovering how to combine principles in novel ways arc both
examples of complex intellectual activity, most of which occurs inter-
nally. But the dircction of such activity can be influenced by external
stimulation, usually in question form, and the course of learning can
accordingly be shortened and made more cfficient. Guidiag learning in
this sensc is gencrally considered an important and frequent instructor
function.
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Encouraging Generalization

An account of instructor functions would be quitc incomplete
without mention of the activities having Jic purpose of encouraging
the gencralization of what is learned. This function is particularly
applicable to the learning of concepts and rules and to problem solving.
Generalization of the concept s encouraged by the procedure of
presenting a suitable variety of stimuli to be classified; if the varicty is
too constricted, the concept is likely to be inadequate. Similarly, the
diversity of cxamples used in illustrating specific problems to which
rules are to be applied can determine the amount of gencralization to be
expected as a result of the learning. Actually, a variety of specific
techniques may be employed by the instructor to encourage generali-
zation (or transfer of learning, as it is sometimes called). In general,
these techniques stimulate the learner to apply his recently acquired
capabilities within widely differing contexts.

Assessing Outcomes

Naturally enough, the instructor must be concerned with assessing
the outcomes of learning. Regardless of the type of performance, there
arc differential criteria to indicate whether or not learning has actually
taken place. Thesce arc suggested, althougii not specifically described, by
the final columnn of Table 10-2. For example, if multiple discrimination
of 15 stimuli has been learned, then the learner should be able to identify
cach of these stimuli without error when they are presented all to-
gether (or one by one, for that matter). If a concept has been acquired,
the presentation of an example not previously encountered should
result in its being correctly classified. If a principle has been learned, an
assesstucnt of the learning should be pussible by requiring the learner to
apply- it to a problem or situation novel to him,

Assessing learning outcomes may rcadily be scen to be a very
frequent requirement of the instructional process. Fach new kind of
learned p“"'urm.!ncc ought to be assessed in some manner o- other, and
the results made known to the learner. Such testing is often done
informally by the tcacher. Other kinds of testing of a more formal sort
may, of course, also be needed at periodic intervals.
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The Task or INSTRUCTION

It may rcadily be realized from the preceding discussion that
instruction is not a simple task. It cannot be reduced to simple for-
mulas, such as “applying reinforcement,” “communicating wich the
learner,” or “stimulating discovery.” Although all of these functions
may be involved in any given instance, they arc not the sole require-
ments for learning.

Controlling attention, presenting the cssential stimuli, guiding
learning, encouraging gencralization, assessing outc siics—any or all of
these functions may constitute the tash of the instractor for any given
act of learning. In making decisions about cach onc of them, the
instructor must be guided by three prindiples of primary importance.
(1) What is sought is a change in capability, represented by a change
in performance. (2) One of the major determinants of this change is
the initial capability of the learner, originating in turn with previous
learning (sce Glascr, 1962). (3) Differcnt kinds of change (learnings)
have different instructional requirements.

Vicwed as a whole, the task of instruction is a tremendously
complex onc and therefore likely to be quite difficult. The skilled
practitioner of this art, who is able to sclect and manipulate the varia-
bles comprising the external conditions of learning, of whatever type,
is surely worthy of adwmiration. Therc is reason to wonder whether
there are very many people who can really do a good job of instruc-
tion, particularly if they have been able to practice it for only a few
years. Might it be possible to raise the standards of achievement in this
ficld by somchow reducing the complenity of the instructional tash?

Certain pracrical mcasures can be taken to simplify the instruc-
tional task for a teacher. Audiovisual aids arc perhaps a partial answer
to this problem. They are, for example, excellent for such functions
as controlling attention and presenting the essential stinuli (sce
Gagné, 1965, Chap. 10). A more compichensive approach to the prob-
lem, however, is provided by the notion of predesigning instruction, so
that the entire sct of decisions which nuust be made by an instructor is
reduced in number and simplificd. Informing the leainer of objectives,
stimulating recall, detarmining a sequence of presentation, guiding and
prompting, and asscssing outcomes arc all functions which can be

1




E

predesigned in order to.generate cffcctive learning conditions. As they
are currently constructed, textbuoks make no real attempt to accom-
plish predesign, and neither do educational films and tclevision pro-
grams. Teaching-machine programs do nuake an attempt at predesign-
ing, and some of them are quite successful at it. If their purposes and
potentialitics can be viewed with sufficient breadth, perhaps these
programs will show the way to the accomplishment of such a goal.

INSTRUCTION AND ‘THE Coxrrot. of BeHavior

It is iateresting to consider the question of just what instruction is
doing, as far as the Lchavior of the learner is concerned. How can the
effects of instruction be conceived, in a general sense? Does instrucdion
stimulate, communicate, or restrict behavior (for example, in its
prompting and guiding function)? Does it excrt a direct control over
the process of learning?

One relativ cly prevalent conception of how instruction works is
that it creates 4 learning situation which in a sense “capturces control”
of the nervous system of the individual so that he incvitably learns.
Provided the external conditions of learning are optimally chosen and
provided they are made consistent with the individual's previously
learned capabilitics (that is, the internal conditions), the learning situa-
tion may be conceived as one which “takes hold” of the learner and
brings about the dJesired learning as a consequence. Actually, this is not
4 bad way of conceiving of what should be true of the learning
sitwation, In an experimental study of learning, when both internal and
external conditions are independently measured and controlled, the
experimenter may well gain the impression that he has an unusual
degrec of control over what is happening.

However, such a view of the effects of instruction on learning has
another side to it, which may be at least cqually illuminating of the
process of instruction. Regardless of how much “control” is exerted by
external conditinns, the internal processes of the leamer are likely to
niike a crucial contril, ion to the events of learning. Furthermore, this
crucial internal proces, contributed by the learner’s nervous system is,
so far as is now knowr, highly idivsy ncratic. At present, it cannot be
pradicted ve even described adequately, and it an be “controlled” only
in a probabilistic sensc.
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Even the simpler kinds of lcarning described in Table 10-1 are
greatly affected by idiosy ncratic internal events. Motor chains require
practice, it has long been belicy ed, because the learner must “discover”
the proper kinesthictic stiniuli which are controlling a smoothly organ-
izcd responsc. The training of a motor skill, like driving a golf ball,
often frustrating to buth learner and instructor because these crucial
internal hinesthetic stimuli cannot be directly controlled, they must be
courted during periods of practice. A number of studics of verbal
associates have shown that the patterns of associations previously ac-
quired by the individual enter into the establishment of verbal chains 1s
crucial mediating links (Bousficld, 1961; Jenkins, 1963). A study of
French-English word association (referred to by Gagné, 1965, p. 100)
found that the most cffective learning of such associates results from a
condition in which learners were cncouraged to supply their own
“codcs,” rather than having codes suggested in picturcs or words.

In a considcration of the more complex varictics of lcarning, the
contribution of cvents internal to the learner becomes cven more
prominent. Scven-y ear-old childien can learn to “choosc the oppositc”
card of a black-white or large-sniall sct very quickly and presumably
by means of a mediating concept; whereas four-y car-olds learn such a
reversal wask slowly, by “erial and error” (Kendler and Kendler, 1961).
But whatever sct of internal cvents is 1cpresented by *“choosing the
oppusite,” it is doubtful that it is a matter of using these words, and
likely that the events are highly idiosy ncratic. A number of studics of
concept lcarning have verified Hull's (1920) finding that conceprually
based performance can be eahibited at the same time that the learner
cannot “namc” the concept or otherwise describe it.

The individualistic nature of internal events is perhaps even more
strongly apparent in rule using and proticm olving. Katona (1940)
found that a demonstration illustrating tie cffccts of rule application
was often mere cffective in solving matchsiick problems than was the
supplying of a verhalized “arithinetic rule.” A study requiring learners
to verbalize while learning to solve a problem (Gagné and Smith,
1962) was unsuccessful in turning up consistent patterns of verbaliza-
tion, again the suggestion is that the processes contributed by the
individual arc highly idiosy 1.cratic. Many students of problem-solving
behavior would probably take this idea for granted, a judgment based
in part upon outcomes of carlicr studics which have attempted to get
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the learner to “think aloud™ while soling a problem (WWoodworth,
1938, pp. 768-800). In addition to the specific rules which may be
involved in solving a problem, some wiiters, notably Bruner (1961),
have emphasized the importance of approaches to problem solving,
called strate gies. Although such self-dirccted principles may pethaps be
categorized (Bruner, Goodnow, and Austin, 1956), there scems lictle
doubr that they too are unique to the individual.

From its simple to its complex forms, then, an act of learning
appears to be characterized by some internal events which have so far
resisted precise description and analysis. There are soinc uniquely
individual processes contributed by the learner’s nervous system. Fur-
therniore, these internal events are not properly viewed as astifacts of
the lcarning process, but instead must be considered as essential compo-
nents, without which no jearning can occur. It is notew otthy that even
the learning of a connection (sce Table 10-1) is considered by many
modern theorists to requite a contribution of internal “fecdback stimu-
lation™ for its establishment (Mowrer, 1960, Chap. 7). (This discussion
of learning ty pes does not include the classical conditioned response,
which miay be even simipler than the connection, or instrumental re-
sponsc, with which Table 10-1 begins.)

It secms cvident, then, that in controlling all of the aspects of
external learning conditions described previously, instruction neverthe-
less can only make the occurrence of this crucial, internal, idiosyn-
cratic event more probable. So far as is now Lknow n, instruction cannot
dircctly control this internal ¢vent. The careful design of instruction
can surcly increase its probability and, by so doing, can make the cntire
process of learning more sure, more predictable, and moice efficient. Bute
the individual nervous system must still make its own individual con-
tribution. The naturc of that contribution is, of course, what defines
the need for the study of individual differences.

CoxcLrusioN

The practical implications of this discussion suggest a goal for
instruction which scems quite consistent with what is hnown of the
cducative process as a totality. One of the 1 1ajur goals of instruction
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might well be to biing about progressiv cly the climination of the need
for instruction dirceted at the individual, Doesn't this suggust, after all,
the major difference between a fourth-grader and a graduate studene?
The former needs all the help he can gct from the external conditions
established by propeily designed instruction. The latter needs alinost
nonc of this help bevause he perfonns the varivus functions himsclf, In
other words, to a very large eatent he carties out self-instruction,
What he docs when he “studics” is first to amalyzc and organize the
content to be learned in such a way thac it can in fact be readily
learned

It may be chat additional emphasis nceds to be given, in a very
broad and comprchensiv ¢ sense, to the notion of self-wstiuction, not
simply as an immediately applicable technique, bur as a goal. This imay
be the direction of practical dev clopment which could best eaploit the
unique internal contribution of the individual learner.
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MASTERY LEARNING AND MASTERY TESTING

Samuel T. Mayo

Mastery learning is not a new idea but it has
not always gone under that name. The word
“mastery’’ is very common in educational parlance.
It connotes having learned something well as prom-
ised in the adage, “‘Practice makes perfect.”
Mastery usually comes easily when there is a very
limitec skill or parcel of knowledge to be learned
and one has the opportunity for abundant practice,
Moreover, with mastery comes a feeling of pleasure
and self-confidence from a job well clone.

In the study of human learning, educational
psychologists long ago discovered two important
principfes: {1) Given meaningfulness, learning is
retained easily when there is abundant practice;
and (2) Meaningful learning is easily transferred.
“Meaningful’’ here means bearing a relationship to
previous learning. It also implies that the goals to
be obtained are obvious. Transfer, in essence,
means that one is able to use previous learning by
applying it to solution of problenis or decision
making.

Until ten or fifteen years ago prevailing prac-
tices of instiuction and evaluation of instruction
promoted unsound effects on learners. Individual
differences were often neglected in “lockstep in
struction.”” In a sense, instructional time was held
constant while the amount of material learned
varied. The normal curve was being overused anr
misused in evaluation processes. Mastery learning
differs in that, in a sense, material is held constant,
while study tiine is allowed to vary.

The picture has been changing rapidly. Entire
curriculums, particularly in mathematics and
physics, have been revolutionized. Programmed
learning has had impact on almost every school
system. Independent study and individualized in-
struction, either with or without machines, are

NCME - MEASUREMENT IN EDUCATION, March, 1970, Vol. 1, No. 3.
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being tried in more and more schools every year,
Such innovations in the learning environinent call
fur innovation in testing, measuring, and evaluating
technisyues. Useful references for further reading
would be those by Bloom (1968}, Brunet {(1¢060),
and Carroll {1903).

Until recently, most people were convinced
that mental abihities were somehow tied very
tightly to academic achievement, This point of
view was valid under traditional instruction when
one constructed achievement tests in such a way us
to assure a normal distribution of the scores. It
shoull be noted that mental abilities, as measured,
hove also been distributed like a normal curve.

The expectation of the distribution of
achievernent for traditional treatment is a normal
curve, or something similar to Curve A of Figure 1,
with central tendency in the midiegion. By con-
trast, mastery treatment is expected to shift central
tendency closer to perfection and probubly to
showe skewne as well, as in Curves B and C of
Figuie 1.

In programmed instruction questions in the
fromos are made so casy that the resulting error
rate is only 5 ta 10 percent. For such cases a
different kind of proficiency test is called for-- a
test for mastery in which the score distribution is
very different from that of the normal curve. In-
stead of being piled up in the middle and tapering
gently in each direction, scores are bunched at the
high end of the scale The test items for the new
type of proficiency test obviously must be of a
different type from those which have been recom-
mend.d for traditional achievement tests. Mastery
test items are tied intinately to the stated ob-
jectives of instr ction which are specific for a
relativety short period of time in a school course
(even for a day’s lesson). But programmed learning
is only one of several innovations in what may be
catle.! eiastery learning,

THE MASTERY MODEL
The term “mastery model™ is used here to
s, wize the thinking of some educators who
have tied out certain innovations to improve

school learning.

R.:iher than thinking of aptitude as a kind of
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cethn, Catroll {1963) suggested that aptitude may
be wcled to the amount of time necessaty to
ach.ve mastery. Bloom (19G8) “vels thet if stu
dents are normully distiibuted with respect to
aptitade and if the kind and quality of instruction
and U antount of time available for learning are
atis appropriaie to the characteristics and needs
of oy student, @ large mzjority of the students
cun i expiected to achieve mastery.

Grefly characterized, the model calls for such
caatagics as these:

1. inform students about course expecta
tions, even lesson expectations or unit
expectations, so that they view learning
as a coopeiative rather than as a com
pelitive enterprise,

Set standards of mastery in advaiice; use
prevailing standards or set new ones and
asign giedes in terms of performance
rather tha elative ranking

N

3. Use short diagnostic progress tests for
each unit of instruction.

4.  Prescribe additional learning for those
who do not demonstrate initial mastery.

5.  Attempt to provid= additional time for
learning for those persons who seem to
need it

TEST DEVELOPMENT -
AMASTERY APPROACH

Test experts and authors of texthooks on
tests ancl measurement have been telling teachers
for many years to construct the r achievernent tests
in traditional ways. What are these ways? The
answer to this question may be expressed as a
serivs of steps: (1) Define the objectives te be
measured; (2) write items to sample content nd
behavior domains of the objectives; (3) adjust . .em
characteristics with average item difficulty around
50%-60% and maximum discrimination against the
internal criterion of the total test scores; (4) inter-
pret performance against a norm (i.c., peer) gioup.

Under the mastery model, the first two steps
would remain somewhat as they were. The third
step would be replaced by eliminating the necessity
of discriminating power; that is, average dif ficulty
would be shifted to possibly 85% or higher.
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A Traditional
B - Modeate Mostery
C - Thowough Ma.lery

A

40 50 60 70 80 90 100

Per Cent of Perfect Score

Figure 1. Distributions of Achievement Test Scores
Under Traditional Treatment and Mastery Treutraent
{Hypothetical)

The kind of instruction under the model also
differs from traditional, and this affects the kind of
testing required. In mastery it is assumed that the
response that one learns (such as giving the answer
to a question or making an overt muscula re-
sponse) can be made confidently upon cue. Tests
constructed to measure such learning may appear
easy to oune accustomed to very difficult tosts,
especially those written by persons prone to use
“uich” questions or obscurc language. Mastery
tests may be conceived as operating on a “’go-no-
go” busis. Most studeats are expected to pess an
item. The few who fail the item show a clear
deficit, and this feedback indicates need for addli
tionzl remedial learning scssions and repeated
testing until iterns are passed.

Clear Objzctives

Objectives are made clear to the student
uider mastery learning. We have had years of ex-
pericnce under the alternative in which ohjectives
have not been made clear and in which achieve-
mant was on a sink-or-swim basis. Under a mastery
appro.ch, one plan which can be used cffectizely i
a patiodic {even daily) sheet which spells ou('t'ﬁz—\
immediate objectives. The student has the feeling ™
of clarly understending the goals and knowing
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thai they way be reached casily in a shoit tinie.

Mastary learning and niastery testing seem to
froniiss the elimination of some of the fear which
pleoues many  siudents i tesiing  situziions,
esprcinily in quantitative courses such as thos in
matberniics, science, and  statistics, Steps  that
teachos can take toward overcoming fears include
(1) ennouncing that daily quizzes will not be
counte on the final grade but rather be used for
diagreras; (Such quizzes can easily be given back
tur students to keep in their files) (2) announcing
thet major tests (such os mid.emaster) will bz re-
peeicd vaith an alternaew, fonn, cous ting the higher
of the two grades; (3) holding a lengthy, compre
huinsive revievr session for the final e: aminstion in
whizh the information fed to students 14 23 closs to
exanination content as fezaible snd vhich i- pore
ceivad by students os the limited sot of content
topi=s and behavior which will actualiy be includsd
on thz cxamination.

Ciiterion - Refeaenced

Micrpretstion of test results from mastery
teis wdlers in Kindd from interpretation of “tra
dition.” tests showing a normal curve distribution
of tutal scores. Interpretation here is relative, that
is in relation to peers. Recently, the term “nornn
refetanced” has been applied to this kind of test.
Uidd~ 1nastery theory a test score in o SENST ay
be cousidlored absolute, since one need not com
Puie a score with a pzer, One only judy:s viiether a
sufficizat number of iters have heen pessed to give:
evidence of niastery of sone limited segrnent of an
entie score. In contrast 1o “nosm referenced
e " the tenn “criterion refoienved tosts” has
v enndied 19 those ueed i mashery learning,
With criterion-referencing a new operation is
brought into the picttihe one which may have far
reaching social implications. This will be the inter-
pretation of a test score in terms of deseribing the
specific behaviors which a student ¢an now par-
form. Thus, it will be much easier to maich such a
repartory of skills to a forthcoming job or training
situation than before when we only knew how a
student ranked with his peers but not what he
could do,

Frequent quizzes may b2 used c_ff_ccti_vely to
identify aspects of a cou se where vevision is desir-
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able and to improve the cours2 while it still is fluid.
This is &n example of the trend toward adipting
the course to the student rather than adapting the
student to it course.

It should b2 recognized that while mastery
learning theory promises much in educational im-
provement, very little definite research has yet
been done. Therefore, we know little, as vet, about
its applicability in education. Meanwhile, it appears
worth trying on the part of individual teachers as
more persons recognize the weaknesses of tradi-
tional instructional and testing practices and try to
improve them in accordance with newer methodls.

SOME SUGGESTIONS

Teachers are invited to pui into practice: the
theory briefly described in this peper. Each
teacher’s situation is unique, and there is no guar-
antee that the sam2 innovation wiill work every-
where. Run a short-term study of an actual inniova-
tion and observe its effect upon teachers, pupils
and administretors. Severai suggested innovations
are:

1. Give alternate forms of a quiz or examina-
tion until stucents improve to a predatermined
leve! of mastery. Since the knowledge and skills
represented in the test will elready have bean
judgsd to be important, missing particular jtemns
will pinpoint the kind of remedial instruction
neces=ary to bring a student to thie desired level.

2. Involve students as repressnéziives on a
convittee along with faculty to reviewr 2 cur-
riculum and to sat objectives. Perhaps the best
candidates for such studlent representatives veould
be juniors or seniors in high schaol to set objectives
fur the freshiman ¢l .

3. Have a studeant committee make up 2 final
examinaeon in order to showy what nsicry is
required of all siudents. Obviously, to do this
vrould drasticelly chzngz the szcurity precautions |
usually taken and the grading system employed. |
Hov.ever, this would bz “experimental,”” il per-
haps it would bz found that more benefits vrould
be obtained then the disxdvantages associated with
security and gra<ing.

4. Have @ student-faculty commiit-e coiii
cally revieve the g:uding system. Thwie has jever
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been a perfect grading system. Even some so ealicd
“new’ systerns seem unsaiisfaciory.

5. If your schnol has a new program in indi-
vidtialized instricison andfor independent study,
you ray wish to strengthen the evaluation you
have plianed ‘or it. Your own research director or
a consultant frone a local university can be in-
valuable here Sevara! references can be of help,
aise. Among these are Gleason (1967), Webb
(1$55), Bloon. (1956), and Krathwohl {1958).

6. Run a full-fledged experiment in mastery
learning and teachizg with the help of a nearby
unitersity. Nost universities would veelcome such
an invitation from a local school sys* m. Many of
them have greduate students who are looking for
an agency in which they may spend time on an
intesnship or on o course project or thesis.
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Student Evaluation and

Promotion of Learning

James H. Block

DIRIOIGIDBIOGINGINGINGIOIE!

A critical problem haunting
cducators throughout the world is how to effectively, efficiently, and
cconomically ircrea ¢ all students’ learning. Nowhere is this problem
fclt more heenly than in the public schools of major citics. In this
chapter, several methods arc proposed whereby student evaluation
techniques might be used to help sclve this problem.

Impairment of Learning

Traditionally, student evaluation has been conceived as a
process for judging changes 1elative to a set of cducational objectives
as the result of some istiction {(Fyler, 1950, While in recent years
some evaduators (for instance, Bloom, Hastings, and Madaus, 1971;
Diesel, 149605, have eapaded this conception considerably, many

Re s HINKING URBAN EDUCATICN, edited by H. Walbesg and A. Kopan {San Francisco.
Jossey-Bass) 1972, pp. 61 76.
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public school persounel continue to view student cvaluation as a
judgmental process for identifying and catifying peiforinance differ-
cnces among learners.,

Data documenting tlic negative cffects of this view on student
learning, cspecially urban student learning, are amazingly sparse.
From the anecdotal (for example, Black, 1963) and cmpirical data
available, however, it is possible to outline at least three ways in which
this narrow conception can contribute to poor pupil lcarning.

First, this view leads to the usc of student cvaluation primarily
for grading purposes. Unfortunatcly, present grading practices doom
most students to receive average or below-average marks regardless of
how well they might learn. For cxample, the use of a “normal curve”
enures that roughly 70 per cent of the students reccive a C or lower
grade. Since grades are one of the major 2ypes of evidence by which
a student gauges his academic and general personal competence
t Tershen, 1969}, many students are bombarded with negative indica-
tions of their worth. These stud.nts cv cntually develop negative interest
in, attitudes toward. and anaicty about further lcarning (Bloom, 1971;
Sarason ct al, 1760). Some develop ncgative academic and even
negative general self-concepts (Puwikey, 1970; Torshen, 1969), and a
significant number acquire mental health problems (Stringer and
Glidewell, 1967; Torshen, 1969). These affecdre traits, in turn, cn-
courage the students to ccasc striving for leaining excellence (see
Stanwyck and Felker, 1971) and even vndermine their capacity to
learn the things they are capable of learning { Featker, 1966; Purkey,
1970).

Sccond, this conception of student e aluation foste s the pre-
deminant usc of “suminative, nori-refereiiced” evaluation mstrunients
in the classroom. T:  instruments are summatite in that tkey are
administered at the end of a long instructional scgineae {severdd tert-
baok chapters, a quaiter. a taim, or a coure) to sum up cach student’s
learning progress (<ce Bloum. Hastings, and Madauws, 1971). They are
noint-referenced o that cach student’s progress is deteimined by
coruparing his score with the scores of his dasmates or sone other
uorm greup { Glaser and Nitko, 1971).

The wwe of these instruments can contiilute to poor learning for
two rcasons. First, they typically are ciployed for grading purposes
ard thus can provide the negative feedbach that eventeally extinguishes
some pupiis’ desire to learn and contodes their learning capacity.
Secend, they usually provide too Jiwde information too late to help a
student surmount past learning Nilfliwalties (Airasian, 1969). Specifi-
cally, these instruments ordinarily dv not comsistently identify what
objectives he failed to learn or where in the segment he encountered
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difficultics. Hence, they usually supply fow specific cues to why he failed
to attain certain objectives. Without answers to the questions of what,
where, and why, the teacher cannot reliably design his instruction to
best fadilitate o student’s futwne Iearning, nor car the student best
organize his subsequent study and review. Even in those rare cases
where the instruments do provide the necessary infurniation, they do
not encourage the student to complete prior learuing before attempting
new. As Airasian {10715 points out: “NMastering certain poiuts missed
in a summative cvaluation may give a student satisfaction, but it does
not raisc his grade” {p. 79). )

Third, the traditional view of studeat evaluation encourages
tcachers and other school persounel, such as counsclors {Cicowel and
Kisuse, 1963), to u-c cvaluation results for labeling a student’s aca-
demic putential. Exaniples of coumon labels are *“smart-dumb,” “fast-
slow,” “overachiever-underachicver,” “gifted-2ducably mentally re-
tarded.” All such labels carry an implicit set of performance expecta-
tions for the pupils to whom they are overtly or covertly applied. Some
studies suggest tiat, especially in the crucial carly grades, these expecta-
tions may create and perpetuate a sclf-fulfilling prophecy in student
lcarning (Baker and Ciist, 1972). The teacher subconsciowly stiuc-
turcs his instruction su that cach student is> constrained to leain 1oughly
in accordance with th.c teacher’s eriginal expectations. Thus, should the
teacher attach a libicl connoting low performance expectations, as is
often the casc in urhan, especially ghetto, education (Clauik, 1965;
Gottlich, 1966; Harlei Youth Opportunitics, 1964; Wiles, 1970%,
then he unwittingly lowers the quality of his instruction and thereby
produces the poor student lear.‘ng expected.

Besides influcnding the quality of a student’s instiuction, labels,
like grade, can also affece his willinies to leaan and his actual Jearn-
ing ability. Throuzh a myriad of subtle and uut so subtle means, in-
cluding the grading process, the te.. her - ill convince some .earners to
acdopt a pasticular label as reflecting dieir true academic potential.
Hene cforth thewe students are Thdy to paferm in accordance with the
expectations they believe to Iie implidit in their label (Lecky, 1945).
Thus. should tle v wdopt a fabel connoting their inability to leain, they
ate jikdly to ehitbit Lol an anwillinzness and an inability to learn,
even though they poses, the iequisite abilitics.

Promotion of Learning
Why has student evoluation generally been used in such neea-

tive and unpreductive ways? One explanation is that most public
school teackaas, coutndlos, and administrators have Lad little formal
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training in cvaluation theory and practice {Biim et al., 1965; Goslin,
1967) 5 hence, they are cither unfansiliar with alternative uscs (such as
diagnoding student learning difficultics, asessing learning readiness,
and defining and dlarifving instrnctional objectives) or are unshilled
in defining and clarifying instructional objectives) or arc unskilled in
their application. An obvious key to the more salutary utilization of
student evaluation in urhban cducation, thacfore, wonld be to provide
more and better evaluation traming for all pre-service and in-scrvice
personnel. Wucther it occurs in public school -based clinics and work-
shops or in university and teacher-training courses, tlhis preparation
should stress the following. the varicty of pussible classioom roles for
student cevaluation; wwareness of the positive and negative cffects of
cach ole on students, teachers, the school, and even the community
‘Bloom, 1969, the fullilility of evaluation results and the sources of
falkLility . cn-the-job wraining and practice in the application of various
tec"niqgues and interpretation and use of results (Ehel, 1967). A second
possibility would be for each urban school sysu u, perhaps cach school,
to hirc a cadre of full-tinic consultants with special competence in both
testing and teaching (Ebel, 1567).

But increased trainiug or expert aid, even if exceptionally good,
will not Le enough. Uhnless it is possible to convince urban school
persotael that the primary goal of student evaluation is not the judg-
ment of studint learning, then sume individuals will continue to use
cvaluction in the ways described above. To emphasize its many alterna-
tive clisioonn uses, therefore, educators must consider new goals for
student cvaluation. One such goal is the maximal proniotion of each
student’s learning.

Model for Optinial Quality of Classroom Instruction

Let us begin by sketching a model for classroom instruction of
optinial .puality. The nieddd derives from rescarch on group and tutorial
insunction (Moore, 17715 Resenshine, 1970; Thelen ct al., 1968)
and from writings on models of learning {for example, Carroll, 1963;
Hilgard, 1965} and in-truction !for example, Gage, 1964; Wallen and
Travers, 1963). This literature suggests th.t the quality of instiuction
for any >tudent can be dudined by three sets of highly complex varia-
bles. (1 the darity and app.opriateness of the instructional cues; that
iv. “ the degiee 12 which the presentation, explanation, any ordering of
tlements of the learning tash approach the optimum for a given
learner™ (Canoll, 1962, as quoted in Bloom, 1968). {2) the amount
of active pasticipation in ad practice of the learning allowed; (3) the
amonnt and types of reinf sicements or rewds provided.
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Under ideal instiuctional conditions, such as once well trained
tutor par student, cach of these variables is manipulated alinost auto-
matically to enstuc optimal quality of imtiuction for cach learner.
Classroom conditivn, however, are ofter, far from ideal—usually a
single type of instuction, which employs primarily veibal cues; a
limited amount of learning time; and a high student-teacher 1atio
prevail. Under such circumstances, it is unlihely that a teachar’s in-
stiuction can be of optimal qaality for cach student no matter how
good the teachar may bie. Some students may require nonserbal rather
than verbal cues; more tine to practice; moice chance to interact with
the teacher ; or more than a smile, veibal praise, o1 the teacher’s atten-
tion. The problein faced by any model for high-quality classroom
instruction, thacfure, is how to 1cucate, under existing conditions, the
eptimal quality of instiuction usually found only under ideal condi-
tions.

Resea ch carried out both here and alwoad (for instance,
Black, 1971} suggests that the madd in Figuie 1 will solve this prob-
fem. As drawn, the model proposes that feedback and correction tech-
niques arc the catalysts required to tansform ordinary group-based
instruction into instiuction of optimal quality for cach learner. These
techuiques supplenent the group instruction in such a way that the
teacher can niahe the sanie hinds of modifications in cach of his stu-
dent’s instructivn as would a tutor for his wtee. The feedback devices
deteet gaps in cacli student’s leaining at selected intervals in the group
instruction. Then, « number of group and/or individual instructional
corvectives are used systematically to vary the cues and/or the partici-
pation-practice and/or the winforcoments until cach learner’s problans
have been sutmouinad, Yor example, reteaching is uced to overcome
le;uning difficultics shaied by a group of students, Small-group study
sesions, individual tutorinz, and alternaive instnictional materials
(teatbooks, woikbeoks, progamiued instruction, tudio-visual methods,
acadeniic games ard puzsles) are employed to handle individual leaun-
ing crrors.

Three major roles for student-evaluation techmiques in the
promotion of leattting follow readily from this model. Each centers on
the development of improved classtoom  feedbach/correction tech-
nigucs.

Feedbacl., One obvious role is the provision of the necessary
feedback informaton. Fere “fumative, criterion-1¢ferenced” class-
room evaluation imstruments arc requined. The insttuments should be
formative in the scuse that they wie designed o be an integra’ part of
the teaching-leaining process wid thus to shape the outcomes of the
process. They should Le shori, ungraded, admivistered as frequently
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as necessary, aud diaguostic. Useful formative instiuments must pro-
vide a continuous fluw of information to both the tcachar and the
learner regarding thie ongoing cflectiveness of the teacling ant learn-
ing (Airasian, 196%; Bloom, Hastings, and Madaus, 1971). The
instruments should be criterion-referenced in two senses. Fhist, they
shouid provide an in-depth picture of what objectives the student did
not learn in a given instructional scginent and where he encouatered
learning probleiis. This informution will provide clues to why particu-
lar objectives were not attained. Sccond, they should assess the ade-
quacy-inadequacy of the student’s leaining with 1espect to what
objectives he attaindd, 1ather than how many he reached relative to
his peers (Blocl,, 1971; Bormuth, 1970; Glaser and Nitko, 1971).

Correclion process. A sccond role for student evaluation is the
strcamlining of the couection process. Hae the term streamlining
docs not mein the asereblage of the most cflicient anud cffective, yet
pansimonious and fnexpensive, coucctive battery possible. ‘Lhe con-
struction of such « battery primarily requires the techniques of cuiricu-
lar, not student, evaluation. Rather, it micans the developnient of
clicicnt prucedwmes for trauslating the learning difficulties evidenced
by a student on a feedback insttument into .« set of correctis es which
will most likely overcome these difficultics.

This strcamlining will require the cication of what might be
called a “corrective contingency management system.” One component
of such a system must be a battery of evaluation instruments compati-
ble with the chistoum instiuction in which the student will engage
(Cronbach, 1970}. These instiuments shoull delimit the cues to be
wed, the participation-practice to be allowed, and the 1dnforcaments
to be provided, and then ascartain each student’s status relative to
these characteristivs. The second component must be a battery of eval-
uation insttunments designed to identify the particular types of cucs, the
amounts of paticipation-pradice, and the types aud amounts of 1¢in-
furcement cacl student requires for optimal quality of instruction over
the given mateial.

From information regarding the dasstoom in-tinetion’s major
characteristics and cach student’s status rclative to these characteristics,
genaral arcas can be identified where the guality of thie gronp iustruc-
tion will not bt suflidient for a particular student. Contingency plans,
based upon cach student’s requiremiciits for optimal in tiuction, can
then be devcloped. Fhese plans will specify a particulan set of conec-
tives Jikely to nomove the incongrience between the quality of instiuc-
tou provided cud the optinal quaity of inuction 1cquited. Should
the student actially cocountar leaning problons over any segment of
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the group instruction, the contingency plans would be sct in oputation.

Consider this example. Suppose the amounts of participation-
practice allowcd and the amounts and types of reinforcement to be
provided by some clasroom instruction are satisfactory for a given
student. But suppose the cues are to be presented in a mode {perhaps
verhally) that the student cannot understand. The instructional cucs,
then, might be a potential source of learning difficulty for the student.
Hence, a set of contingency plans would be drawn up based on infor-
mation regarding the particular cues this student requires for optimal
instruction. Should he actually encounter learning difficulties, the
contingency plans would be implemented to present the unlearned
muaterial in a wue mude {perhaps nonverhally ) he could most casily
understand.

Stendard;. A final role for student evaluation techniques is the
setting of performance standurds wgainst which the adequacy or in-
adequacy of cach student’s learning over a given instiuctional segtnent
cat be judged. Bormuth (1969, 1971) has demonstrated the possibility
of crpirically sctting more objective and 1calistic standards than
those used in the past. Block (1970, in turn, has demonstrated the
po sibility of empirically sctting standards whose maintenance through-
out an instiuctional sequence maimizes sclected end-of-sequence
learning outcomes. Taken together, thercfore, this rescarch suggests
the poxilility of wing paformance standards as major instructional
variables in the promotion of student learning. If the teacher or admin-
istrator can sclect a particular set of desired Iearning outcomes, then he
should Le able to sct w -tandard whose maintenance throughout an
instructional sciuence will maximize cacli student’s attainments rela-
tive to these vutcomes. Once set this standard would act as a bench-
marh for monituring either the “health” or equivalently what Farquhar
(1968, terms the “patholouy™ of cach urban student’s learning. At
any time the student’s leaning was substandaid, correctis es would be
applied to return it to par.

To illustrate these ideas, consider the following example. The
Lisic subjects in niost clemcnuny school cunicula are learned scquen-
tially. Thus, the stadent’s failure to learn adequately onc task in a
scuet e may condemn him to leaing fatlue in all subsequent tashs,
The tragedy of this situation is gaphically illustiated in a longitudinal
study of schouol achievement couducted by Payvne (1963). She found
that a4 student’s siceess or Lailure in sisth-grade reading oc arithmetic
cotthd Le Lighly predivted Given knowledge of only his fist- wind pethaps
soeond-urade pofonmance. That bs, the student’s peformance in grades
Gite and two scomed to pradetamine his suceess or failure later in the
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scquence. As Bloom [1070) puints out, had short-teim perforniance
standards (“.equential norms™) heen available in grades one and two,
then some students’ subscguent lung-term leaning failure might have
been averted. Uiban :chools should be able to use alicady existing
data to set such standards for all 1equired, sequentially learncd sub-
jects. Initially the standiwds might be set to indicate simply “how
much” the student sheuld hase leamned at each stage in the sequence
if his learning is to meet certain end-of-sequence criteria. Later, they
might be sct in terms of “what” he should have learned.

Implications for Urban Education

Student benefits. Urban students will benefit in at least four
ways from the use of student-cvaluation techniques to prumote learn-
ing. Tirst, especially in sequendally learned subjects, most students will
learn more effcctively. Research (Block, 1971) suzgests that cl.sstoom
use of sound fecdback/cencction techuiques typically can enable 75
per cent of the students to leain seleted subjects us well as do only
the top 25 per cent at present. Vintually all students learning with the
assistance of such techuiques can aclieve well enough to carn C or
higher maiks a. judged by the same grading aiteria used for students
learning without such assistancc.

Sccond, most students’ learning can be mude more cfficient.
Especially for sequentially learned subjects or topics, theie scem to he
particular  perfoiniance standards whose attainment increases the
amount of subsequent material stadents Iearn in a given time (Blodl,
1970; Merrill, Barton, and Wood, 1970). The reason is clear. The
student who is hddped to learn adequatcdy the material in cne tash in
a sequence can coneentiate on the new material in the aest tal. The
student who is not liclped must spend timie le uning both the former
and the latter miaterial. The further he is allowed to proceed i -i-ted
in the scquence, the moie timme lie must devote to leaning old rather
than new material.

Third, most students will be partially insulated from the nega-
tive affective conscyuences of present instructional and o aluational
practices. On the onc liand, they will gain the repeated positis ¢ school
learning (apuicnees which foster positive interests in and attitudes
toward Icaining, promote the growth of a positive academnic wnd
probably genual sdf-concept, and immunize against mental jllues
(Bloom, 1971; Pwhey, 1970; Suinger and Glidewell, 1967 “Torshen,
1969 ;. On the other hand, they will obtain new perspedtives on the
mcaning of sadent valuation wlhich should redaee its ansicty-provoh-
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ing qualitics and exagqcrated importance in student life. In particular,
studeitts will discovar that evaluation is an integral p.atof the teaching-
learning process rather than the ultimate goal of the process and
consequently that grading aid evalnation need not Le synonymous.

Uinally, many students will Lic ficed from the negative scholastic
cffects of the concept of individual diffarences. ew ideas have had
greater positive impact on whan cducation than the Lotion of individ-
ual differences as many chapters in thi, volume attest. But the idea has
also provided somc wiban cducators a convenient “.ries of cacuses
wherehy respusibility for poor stidune learning is slifted from the
clucational »ytemn to the student’s gandtic and,/or e iwonmental back-
ground. As these educatons have ainolved themsdyves from 1esponsi-
L Lty for student learndieg, they have bucomie increasingly lax in provid-
ing the conditions under which almest ol students can learn.,

The v of student-cov aluation tedimiyues to devdop improved
clisroon feadback/conection praces es should place the coneept of
incdividual ditferences in proper paspective in urban education. Re-
seardl using vedatively crude systems o improve the quality of instrie-
tion for suburban, lower-middle dies students {Block, 1970) and
whban students (Kesh, 19705 Kim et al,, 1969} suggests that the
commonly obvanved relativnship Lotween individual differences and
sudent achicvement may often be o sheer artifact of our present
instructional practices, These studies show that the degree to which
individual diflerences in such vaiables as aptitude, sociveconoinic
status, and 1Q are reflected in student achicvement is sune negative
fanction of the quality of instruction provided cach leaner, The higher
the quadity of instruction, the les the cffects of these differences. Thus,
if these findings arceploaed as improved feedbodh/eotiection systems
evohe, they should caution uihan educators against u<ing any student’s
badkjround as a scapezoat for instructional ineffectiveness.

Let me anphasize that I am not propusing that individnal
diffarcnces may not condition studeut learning in sume cases. Rather,
[ i uggosting that perhaps the concept of individuai differc ces has
been ancudaally ovarased in wban cducation to explain our inability
to teach suie students o wur ability to teach :ome Letter than others.

Teacher benefits. Urban tecachars alse will reccive certain im-
portant benefits from the use of student evaluation as propo-ed. First,
ticy «an reap returns of incrcased lening for most, rather than just
a few, students from thenr insttuction, These retns will be greater
cach time a particular topie, couarse, vt subject is retaught, provided
the tcachors wontinme to we the techuigues desarilied above to refine
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and improve their dasrvom feedlbadk/coniedion procedures {see, for
example, Bloom, 1968).

Sccond, especially for sequentially Ieanied material, the teachers
can mahe their instruction more cflidient. Limited (xpahmental re-
scarch sugzests that the teachier, with the asistance of a goud fecd-
backh/coriection wystem, may be able to eusure highi leveds of learning
for most studenis while spending no mere. perhaps cvon less, Justiue-
tional timne than s wually spent helping only sonue stadents Learn well
(Block, 1970; NMenill, Barton, and Woend, 19701,

Third, urban teachers will gain semie tools by which to dis-
charge growiny public demands for goccuntabiley. Fo date, while
teachas have leen deluged with demands that they aswre greater
responsibility for their students’ learning, almost without exception
they have mt been provided with any ffective mcans for reaching
this end. The development of inuproved dassegun feedbadckfeorrection
te “hniques should provide teachas with the vaiicies they have lacked.

Fowth, wiban teachers may be able to allevieie some of their
classroun disorder problemis. Tn particular, the wse of student evalua-
tion in the ways propered above may help the teadher reduce the
hostility and frustiation genated by previou instructional and evalua-
tional practices. “Flie teachas can help most stidoats attain consistent
academic succes and thus both the short- and Lng-tera benefits of
such suce oss, Hich levds of student Teamiug, n tunn, shouk] discouraze
teachurs from underestimating their students’ capacity fi: ntdlectual
growth.

School benefits. Urban schaols will gain a sot of henddits equally
as important as those acaumg to their students and teachers, Fist
they will acquize the lever requitad to i sca e pupil lraining sabstan-
tally. Hrnee, fike the individual teacher, the schook al-o can most fully
capitalize on their tremendons imvestinent of 1caources in stdent in-
struction. Sound feedback,correction sy-toin, have proved to be both
an clicctive and effidient means of individualizing in ttuction even in
clasionnts with up to 70 to 1 student-teacher rativs aund for <amples
of thuands and tens of thousands of students (Kim ct al., 1969,
19705, So far, devddopicnt codts have been minimal. For exampic,
teachers wuhing tozether fur an howr o1 two a day have comstiucted
sound foedback/torraction sy tans for an ontire year's work in counses
suclt av mathematics and bivlony in fewer than ten weehs (Airasiam,
1969, Onmee <et up. of cone, such syqtoms can be ued repeatedly.

Second. the sehouls may Le able toreclaim experiom ed teachers
and to save the mexpainad from the ndifleronee toward teaching
and leaining excellence prevalent in some mban «heolks [Clul,
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1965, Silberman, 1970, Doubtles cuch indifference may daive from
poor wurhing conditivis; for the net part, however, it probably
results from iy teachers’ nability, to 1aalize, regardles of their
cilorts, any tangible, pusitive sindent learning resulbis, If the use of
student-cvaluation teclusignes o build fpoved dastoom feadback/
correction systems can aable cach mban teacher significantly to im-
prove his students’ learning, then this indifferaice wan be stemmied.

Third, the schouls, within their preent organizational and
curricnlar framework, witl be able to promute the fullest development
of mou-t «tudents. They will be able o provide alimost every learner with
buth thowe cegnitive shiils and cempetendics and thowe affective traits
requured for sceesl antry and residonee in the adult world of work
and lelme. From this cognitive and aflcctive be e, miost stadents will
be able to reddize any vocational or avocational goals they choose
instead of anly those goals chosen for them.

This List aegmmeat may be unacceptable to the reader familiar
with eithier Crenbach’™> 1971, o Ehel’s (1970, distinction hetween
traimit . and education. Croubach, for «xamnple, argues that training
unchcsoondy the shaping of stndeae behavions in some basic areas while
edertn cntails traiite, the devdopment of analytic and problem-
sehin. Aills, and the fo tering of acativity and sclf-expression. On
the basis of this distinction. the wes of student evalnation developed
here mizht be misconstraed as fostaring the fullest development of
the individual with respect only to training and not to cducational
goal. Remember, Lowaver, that the proposed uses are meant for
implecntation within the framewarh of present wban educational
ssatemis. Indhis famewak) smdents aie typically regnired to spend
ten to twelve vaars loched for the most part into a training curriculum
consisting of long learning scquences for a few required subjects. The
tee hing of analytic aud preblem=solving shills and the promotion of
crcativity aind self-expicsion wsually e, in practice. cither predicated
upon, o1 scondary o mastery of thoe subjects. Tlence, a student’s
faille to fean thee ba i =ubjects and the repeated frustiation, humil-
Ltion. atd doespar auondered thereby canwalie bim unwilling or
unaLle o bath o participate in educational™ eftarts to develop high-
levdd oo mitive <sills or toomrture ceativity and sedf-eapression. Within
suchl o franuenwora, thadore, both tainiueg ad educational goals are
festared hyoany sct of procedures thet will e mastery of the re-
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Adnntiedly, the view takent here of stindent evaluation’s latent
potential Lo improvine wmban cducation is optimistic. But perhaps
the best ar umont Jea tis eptimiam i~ Pascals aesment fou the sne-
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vival of the rativnal man: “Onc mgument for believing in heaven s
that if you e wrong, little is lust, but if you are right, much may be
gained.”
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Behavioral Objectives:

A Close Look

By Rol?[crt L. Ebel
|

f

ost teachers have heard of

behavioral  objectives. They

have rcad books and articles
whitch urge them to state thew own
structiond objectives m beliaviondl
tenms. ! Soane of them have tried to do
su, and Lacking clear suceess may feel
some guilt, A few teachers actually do
have statements of behavioral objec-
ttves for their counses and build then
teaching elforts aroand them. But the
number of these 1s sinall, Ammons,
fact, found e behavioral ubjectives in
the 300 school systens she surveyed.?
Some educaturs aie nat gicatly con-
werned with this state of affaits. They
see hmited vidue m behavioral obgec-
thes and soime potential danger in
aahuig behasion, rather than cogiutive
processes. the target of our educa-
tional efforts.

The Origin“arg History of the Concept

'z
&

Although the p “behavioral
objectines”™ has not been™wddely used
vntil jeeent nes, every ;‘hzhun of
tiaining does in fuct have behevioral
objectives, whether they we stated
explicitly or not. The purpose of
taming for u specific tusk is to devel-
op the capability for the behavior
sequired by the task. But the broader
usage of bihaviotal objectives in con-
nection with educational proginms 1
probably attnbutable largely to Rulph
Tyler.? While at Oluo State Unversity,
he developed a systeinatic program for
the specification, e behasioral terms,
of the desited outeomies of a course,
Usually these outeomes were a hinited
number of fuirly specific cognitive
abilities, Their emphasis was, in part.a

PHI DELTA KAPPAN, 1970, Vol. 52, pp. 171-173.
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reaction to the overemphasts on fae
tual mtomation in many curreat ot
jective tests of achievement.

With the advent of teachirg mu-
chines and  progranumed instruction,
suggested first by Presseyd and popu-
lanized by Skinnet,® the usefulacss of
behavioral objectives became more ap-
parent. especially tu the progranmiers.
Then the cutting edge of mnovation
moved on o pvie coples models of
systematie instivction. Wath  com-
puters prosaibimyg wdniduahized m-
stiiction® and - “iasteny ™ replacing
“as much aspossible™ as the goal, be.
Fwiorad objectines reannned an essen-
tial feature of innovation,

The nec effect of both lyler's
leadership and  recent  developmeits
has been o comvanee nuany  teachers
that they ought to state their objec-
tives in behwvioral terms. “Help swanip
out nonbehavioral vbjectives™ 1y their
only half facetious slogan.

Justifications for Behavioral Objectives

In the cse of programmed instruc-
tion and the more complen learning
systems, the need for specific, detailed
instructional  objectines iy obvious,
Some of these systens may be tov
complex to be generally feasible. and
too impersonal o1 too mflenible to be
generally effective. But where they cun
be used they regune wnd wiake goud
use of behaviural objectives

But why should the ordmuary non-
machine hike teadier state s objec-
tives in belinvioral teims® Two justifi-
cation, have been oltered. The first.
maore basic and far-reaching, 1 that
since tne general purpose of all educa-
tion is to change behaviors. course
objectives should be stated m tenms of
the belinvtors expected to 1esult from

deseuptions  of  objectives on  the
ground that suh descriptions are more
meaningful 7

When the purpose of mstruction is
to provide trammg for ¢ particula
tash. the first justification can hardly
be questiu :d. Lven when the purpose
is to provide muie general, hberdl
education, one van argue that it 1s only
justified if st affects behavior some-
aow, sonietinie. Jt may not be possible
to foresee all the ways m which
learning might affect future behavior.,
but surely sume of the more probable
and more important can be anticr-
pated. On the other hand, 1t 15 guite
clear that such behaviowl conse-
quences are ot the real objectives of

instiuction.  Those objectives aie,
rather, the knowledge and under-
standing. the attitudes and  values

whidh induced the behavior or made 1t
possible. To stiess behavior as the
objective is somewhat inaccurate and
misleading.

What of the second justification?
Do behavioral objeetives have elearer,
wore defimte meamng than nonbehay-
ivral objectives m vonventional class-
room inshuction? In vne sense they
do because behavior is overt and ob-
seivable, wheiteas knowledge, under.
standhag, ability, ete., are lndden -
side their possessors. We ean assess
these internal qualities only by chieit-
ing belavie- that is dependent on
them. But liere again the overt behav-
ior is not the real objective. [t is
siniply a useful sndicator. To refer to it
as the objective 1s more apt to confuse
than to clarify thinking about e¢duca-
tional goals.

Problems with Bchavioral Objectives

In view of the widespread endorse-

the course  The second 1s quite diffes ment of behavioral vbjectives, one
ent 1t justdies the use of lvior nught expect to find many examples
Sy
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ol therr effective wse. That thus 1 not
the vase stggests that practical applica
tivn of the concept iy mvuolve some
difficulties.

Oue of these 15 the difficulty of
knowing precisely what the coneept
treans. Some use 1t as 1f the behavior
i whadh they are mterested s that of
the stedent wlule he o learnmg, or
event Ut of lus teachier. Otliers use it
to refer to the student’s behavior on
special tasks desigied 1o show whether
ot not e s learned sumetlung. Still
vthers have m uind the student’s use
m hite. vt on the job, of what he has
learned i school Wlile these three
meanmgs are nore closely related in
some subgects ol study than in others.
thiey are dtinetly different One can-
not speak or even tlunk cearly about
behuvioral objectives without defining
which type ut belvior hie Tuas nomd,

Another difficulty s that the be-
havtor specified e these detinitions 1s
sefdom the reat objective of the m-
stittction, When the behavior s that of
the fearner whale leanng, s Cearly
4 means o an end. not the end tself.
Nor 1s test behavtor the real objective
except i those rare cases where the
tet 15 o performance test in a natural
setting. Only 1 the third sense of
on-thegob perfuiminee can behavior
be the real objective  The sibations n
which such beluvoral objectives are
appropriate appear to be hnuted to
mstruction which anas at the cultiva-
tion of particular skills. Behaviowdl
vbjectives seein quite inappiopriate to
istructional efforts whose aim s to
enable the student tu respond adapt-
nely and effectively to umque future
problem situations, to equip him to
make, ndependently but responsibly,
the kind of ndividual choices and
Jecisions wlidt are the essenee of
huran freedom.

A wsetal distinetion can be made
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between trammg, for which behavioral
objectinves ure often quite appropriate.
and education, for which they are
seldom appropriate. Educ..tional devel-
opment is hitie concerned with the
establshment  of predetermined re-
spumses to recurring problem situa-
tions. Rather, it is concerned with the
student’s understanding, his resources
of useful und available knowledge. his
intellectual self sufficiency. It sees him
not as « puppet on strings controlied
by his teachers, but as one who needs
and wants the help of his teachers and
others as he tackles the difficult prob-
lems of designing and building a life of
his own.

A third problem is that of speci-
fying the behavioral objective in suffi-
cient detail. Any significant behavioral
act. such as the construetion of an
achievement test for a canrse, consists
of myriads of contributory acts. Often
these arc not casy to identify as
sepirate elements in the total matrix
of behavior, Often they vary from
situation to situation. To identify and
specify all of them may be an impossi-
bie tusk. But to the extent that these
clements are not specified the behavior
is left undefined.

A fourth problem is that of speci-
fying an appropriate level of skill or
competence in the behavior, Most sig-
nificant acts of behavior cannot be
said to be cither present or absent,
available or unavailable. They occur
more or less often when appropriate,
antd are Tundled noie or less well, To
define them as cducational objectives
requires us to say not only what they
ate, but how well they are handled.
This task also is difficult, and fre-
quently secius to be more trouble than
it is likely to be worth,

Some Limitations of Stated Objectives

There are proklems in making Sflee
tive use of any statement of objectives,
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One is the problem of validity. Simply
stating that something is an objective
does not make 1t a desisable one. True,
one miust think uboud s objectives n
order to state them, and thinking 1
one of the best ways of working to
improve them. But then one must also
think about vbjectives when Jdong
anything rattonal about educating -
when developing materials, planning
procedures, or preparing for evalua-
twns, There 1s no reason to believe
that better thinkmg will go nto the
statement of objectives than nto plans
for attaining thein.

Another 1s the problem of flexible
adaptability, There is always danger
that stated objectives muy unpose a
rigid formahty on teaching. Stated
objectives may describe what a teacher
plans to do, but they should seldom
prescribe what he ought to do. On
Tuesday he may perceive a more nn-
portant objective than he wrote mnto
his statement on Monday. The notion
that there is no further nced for
creative thought about objectives once
they have been stated is an enemy of
dynamic teaching.8

Finally there is the problem of
cffective use. What do you do with a
statement of objectives once you have
it? If it is a good brief summary of
your general objectives you may dis-
cuss it with your students. You may
refer to it from time to tune to keep
your teaching on course, or to keep
your evaluations relevant, Bul if it s a
highly detailed statement of speeific
objectives, the chances ate that it will
be filed *for possible future refer-
ence " It will add little of value to
your own cognitive resoutees, to the
materials you use m mstruction, or to
your plnning of instiuctional proce-
dures. If you value cicative teachmg,
you will not try to follow it step by
step.
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Conclusion

Teaching is purposeful activity. Part
of a teacher’s effectiveness depends on
his having the right purposes. Hence it
i important for the cunticulumn buiid
er, the textbook wiiter. the teacher,
and the student to think hard alout
their purposes, about the objectives
they seek to achieve.

These considerations support the
belief that objectives are important,
They do not suggest that objectives
need to be stated explicitly or in
detail. The pedagogical issues that di-
vide teachers, the inadequacies that
limit then effectiveness, cannot be
disposed of by stateiments of objec-
tives. Little that is wrong with any
teacher’s educationdl efforts today can
be cured by getting him to define his
objective. more fully and precisely. We
ought not to ask teachers to spend
much of their limited time in writing
claborate statements of their objec-
tives.

Nor should we insist that the st..te.
ments be in behaviotal terms. Qur
main business as teachers is developing
the cognitive resources of our pupils,
not shaping their behavior. The great
majority of teachers at all levels who
feel no urgent need to wiite out their
objectives in detail, and in terms of
behavior, are probably wiser on this
matter than those who have exhorted
them to change their ways. Too much
of the current reverence for behavioral
objectives is a consequence of not
looking closely enough at their limita-
tions.

- Robert-F.-Mager, Preparing Instruction.
al Objectives Palo Alto, Calif.: Fearon,
1962; C, M. Lindvall, ed., Defining Educa-
tional Objectives. Mttsburgh, Pa.. University
of Pittsburgh Press, 1964, and David R,
Krathwoll, “Stating Objectives Appropri-
ately for Program. for Curriculum. and for
Instructional Material Development,” Joger-
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Why Behavioral Objectives?
Maritin R. Wong

Teaching is often described as a profession in which
the rewards are measured in terms of satisfaction ia help-
ing students learn and in pleasure in watching students grow
in learning and achievement. These are two excellent reasons
for the use of behavioral objectives in teaching - so that
both the teacher and the learner can have concrete evidence
of growth and learning.

The more specific ;easons for using behavioral objec-
tives fall into four basic areas: goal setting; task
analyzing; progress monitoring; and achievement assessing.

The use of behavioral objectives in goal setting
clarifies goals precisely and unambiguously. The student
knows what standard he is aiming for. The requirements,
the behaviors, and the achievement that will result ir re-
ward are clear to the student in advance. He is not pitted
against others so that maximizing his achievement means
beating other people, but instead he competes with himself
for the achievement of a.goal.

Students can be involved in goal setting and the ob-
vious advantages accruing from students working toward goals
that they have helped to set for themselves are brought in
to play. Tius objectives can be based on some kind of justi-

ORIGINAL MANUSCRIPT, 1974
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fiable needs of the student instead of imposed on the
student. In addition, goals that are unambiguously stated
can be reviewed and evaluated so that they can remain
current, relative to the needs of the students, and relevant
to the times.

Task analyzing is another of those obvious tasks of

good teaching that is .Lore often overlooked than adhered to.
It is only when a goal is set that the task of achieving the
goal can be awalyzed so as to find out what is required to
reach it. Most learning tasks are complex and made up of
many swmaller tasks. Teaching the task as a whole, without
specifically teaching some of the sub-tasks inherent in the
whole, is ofter. a slow process dependent on the learner pick-
ing up many of the subtasks for himself even though he may
not know what they are. It is only when a complex goal has
been analyzed into its many subtasks that the steps toward
the goal--the things that need to be learned in order to
achieve it--are clear and can be appropriately sequenced in
order to maximally facilitste learning. Then, the teacher
and the student can decide how best to work Loward the goal,
what order will be ewployed, what methods, tools, aids,

learning experiences, and practices will be best.
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It is often assumed and research seems to indicate that
learners setting their own goals and seeing themselves making
progress toward achieving goals is reinforcing. It seems
hardly necessary to point out that before students and teachers

can monitor progress toward goals, those goals need to be set

in some unambiguous way. Then and only then can the teacher
reinforce progress and the student gain the satisfaction of
monitoring his own progress toward goals. When objectives
are set and the task is analyzed and sequenced, at any given
Foant in the progression toward a goal, both the teacher and
the student will know what comes next in the steps toward
achieving the goal.

Assessiag achieverent and assigning grades that represent

different levels of achievement often places the teacher in

a defensive quandry. If goals are not precisely set, it is
impossible for the teacher to know how far along the student
Bas gone toward achieving the goals. It is only when they

are precisely stated--in behavioral terms--that concrete
evidence can be_available to indicate whether or not the goals
have been met. Achievenent can then be measured objectively,
and a:complishment can be rewarded with high grades. Both

the student and the teacher can rightly feel a sense of ac-

complisiment aud success in teaching and achieving goals.

ST e
4 *
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Then grades take on meaning; a particular grade repre-—
sents the achievement of specific goals, and these are
spelled out in terms of what the learner can do when he has
achieved them. The present most usual alternative is to
assign grades on a curve in which each grade is only meaning-
ful in relation to what other people in the class did.
Students are pitted against each other for the grades in-
stead of concerning themselves with their own achievement
goals.

If the rewards for being in the teaching profession
really are satisfaction and a continuing sense of accomplisp-
ment, then unamblguvusly stated goals~-behavioral objectives—-—
must be principal to the teaching practice. Only then can
.rarning be maximally facilitated, progress monitored and
cewardea, and true satisfaction for achievement and accom~

plishment deserved.
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HEREDITY, ENVIRONMENT, AND THE QUESTION “HOW?"!

ANNE ANASTAS!

Two or three decades ago, the so-
called heredity-environment question
was the center of lively controversy.
Today, on the other hand, many psy-
chologists look upon it as a dead issue.
It is now generally conceded that both
hereditary and environmental factors en-
ter into all behavior. The reacting or-
ganism is a product of its genes and its
past environment, while present envi-
ronment provides the immediate stimu-
lus for current behavior. To be sure, it
can be argued that, although a given
trait may ;esult from the combined in-
fl..cuce of hereditary and environmental
factors, a specific difference in this trait
between individuals or between groups
may be traceable to either hereditary or
enivironmenta! factors alone. The de-
sign of most traditional investigations
undertaken to identify such factors,
however, has been such as to yield in-
conclusive answers. The same set of
data has frequently led to opposite con-
clusions in the hands of psychologists
with different orientations.

Nor have efforts to determine the
proportional contribution of hereditary
and environmental factors to observed
individual differences in given traits met
with any greater success. Apart from
difficulties in controlling conditions, such
investigations have usually been based
upon the implicit assumption that he-
reditary and environmental factors com-
bine in an additive fashion. Both ge-
neticists and psychologists have repeat-
edly demonstrated, however, that a more
tenable hypothesis is that of interaction
(15, 22, 28, 40). In other words, the

1 Address of the President, Division of Gen-
eral Psychology, American Psychological As
sociation, September 4, 1957.

PSYCHOLOGICAL REVIEW, 1958, Vol. 85, pp

nature and extent of the influence of
each type of factor depend upon the
contribution of the other. Thus the
proportional contribution of heredity to
the variance of a given trait, rather
than being a constant, will vary un-
der different environmental conditions.
Similarly, under different hereditary
conditions, the relative contribution of
environment will differ. Studies de-
signed to estimate the proportional con-
tribution of heredity and environment,
however, have rarely included measures
of such interaction. The only possible
conclusion from such research would
thus seem to be that both heredity and
environment contribute to all behavior
traits and that the extent of their re-
spective contributions cannot be speci-
fied for any trait. Small wonder that
some psychologists regard the heredity-
environment question as unworthy of
further consideration!

But is this really all we can find out
about the operation of heredity and en-
vironment in the etiology of behavior?
Perhaps we have simply been asking the
wrong questions. The traditional ques-
tions about heredity and environment
may be intrinsically unanswerable. Psy-
chologists began by asking whick type
of factor, hereditary or environmental,
is responsible for individual differences
in a given trait. Later, they tried to
discover how muck of the variance was
attributable to heredity and how much
to environment. It is the primar -on-
tention of this paper that a more 1ruit-
ful approach is to be found in the ques-
tion “How?” There is still much to be
learned about the specific modus oper-
andi of hereditary and environmental
factors in the development of behavioral

.197-208.
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differences.  And thete are several cur-
rent lines of rese arch which offer promis-
ing techuues for answering the ques-
tion “How?”

VARIETY OF INTERACTION MECHANISMS

Hereditary factors. If we examine
some of the specific ways o which he-
reditary factors may influcnce behavior,
we cannot fail but be impressed by their
wide diversity. At one extreme, we find
such cond:tions as phenylpyruvic amen-
tia and amaurotic idivcy. In these
cases, certain essential physiual pre-
requisites for normal intellectual de-
velupnient are lacking as a result of
hereditary metabolic disorders.  In our
present state ol knowledge, there is no
environmental factor which can com-
pletely cuunteract this hereditary deficit.
The individual will be mentally defec-
tive, regardless of the type of environ-
mental conditivns under which he is
reared.

A sumewhat different situation is
illustrated by hereditary deafness, which
may lead to intellectual retardation
through interference with normal sucial
interaction, language development, and
schuvling. In such a case, however, the
hereditary handicap can be offset by
approptiate adaptations of training pro-
cedures. It has been said, in fact, that
the degree of intellectual bachwardness
of the deaf is an index of the state of
development of spedial instructional fa-
cilities. As the latter improve, the in-
tellectual retardation associated with
deafness is correspondingly reduced.

A third example is provided by in-
herited susceptibility to certain physi-
cal diseases, with consequent protracted
ill health. If envirunmental conditions
are such that illness does in fact de-
velop, a number of different behavioral
effects may follow. Intellectually, the
individual may be handicapped by his
inebility to attend schuol regularly. On
the other hand, depending upon age of

onset, hume conditivns, parental status,
and similar factors, pour health may
have the effect of concentrating the in-
dividual’s energies upon intellectual pur-
suits, The curtailment of participation
in athletics and social functions may
serve to strengthen interest in reading
and other sedentary activities. Con-
cumitant circumstances would alsu de-
termine the influence of such illness
upon persondlity development. And it
is well known that the latter effects
could run the gamut from a deepen-
ing of humaa sympathy to psychiatric
breakdown.

Finally, heredity may influence be-
haviur through the mechanism of social
stereutypes. A wide variety of in-
herited  physical characteristics have
served as the visible cues for identify-
ing such stereotypes. These cues thus
lead to behavioral restrictions or op-
purtunities and at a more subtle level
-——to social attitudes and expectancies.
The individual's own self concept tends
gradually to reflect such expectancies
All of these influences eventually leave
their mark upon his abilities and in-
abilities, his emotional reactions, goals,
ambitions, and outlook on life.

The geneticist Dobzhansky illustrates
this type of mechanism by means of
a dramatic hypothetical situation. He
points out that, if there were a culture
in which the carriers of blood group AB
were considered aristocrats and those of
blood group O laborers, then the blood-
group genes would become important
hereditary determiners, of behavior (12,
p. 147). Obviously the association be-
tween bloud group and Sehavior would
be specific to that culture. But such
specificity is an essentiai property of
the causal mechanism under considera-
tion.

More realistic examples are not hard
to find. The most familiar instances
oceur in connection with constitutional
types, sex, and race. Sex and skin pig-
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mentation obviously depend upon he-
redity. General body build is strongly
influenced by hereditary components,
although also susceptible to environ-
mental modification, That all these
physical characteristics may exert a
pronounced effect upon behavior within
a given culture is well known. It is
equally apparent, of course, that in dif-
ferent cultures the behavioral correlates
of such hereditary physical traits may
be quite unlike. A specific physical cue
may be completely unrelated to indi-
vidual differences in psychological traits
in one culture, while closely correlated
with them in another. Or it may be
associated with totally dissimilar behav-
ior characteristics in twe different cul-
tures.

It might be objected that some of the
illustrations which have been cited do
not properly exemplify the operation of
hereditary mechanisms in behavior de-
velopinent, since hereditary factors en-
ter only indirectly into the behavior in
question. Closer examination, however,
shows this distinction to be untenable.
First it may be noted that the influence
of heredity upon behavior is always in-
direct. No psychological trait is ever
inherited as such. All we can ever say
directly from behavioral observations is
that a given trait shows evidence of
being influenced by certain “inheritable
unknowns.” “This merely defines a prob-
lem for genetic research; it does not
provide a causal explanation. Unlike
the blood groups, which are close to the
level of priary gene products, psy-
chological traits are related to genes
by highly indirect and devious routes.
Even the mental deficiency assaciated
with phenylketonuria is several steps
removed fron the chemically defective
genes that represent its hereditary ba-
sis.  Moreover, hereditary influences
cannot be dichotomized into the more
direct and the less direct. Rather do
they represent a whole “continuum of
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indirectness,” along which are found all
degrees of remoteness of causal links.
The examples already cited illustrate a
few of the points on this continuum.

It should be noted that as we proceed
along the continuum of indirectness, the
range of variation of possible outcomes
of hereditary factors expands rapidly.
At each step in the causal chain, there
is fresh opportunity for interaction with
other hereditary factors as well as with
environmental factors. And since each
interaction in turn determines the dj-
rection of subsequent interactions, there
is an ever-widening network of possible
outcomes. If we visualize a simple se-
quential grid with only two alternatives
at each point, it is obvious that there
are two possible outcomes in the one-
stage situation, four outcomes at the
second stage, eight at the third, and
s0 on in geometric progression. The
actual situation is undoubtedly much
more complex, since there will usually
be more than two alternatives at any
one point.

In the case of the blood groups,
the relation to specific genes is so close
that no other concomitant hereditary or
environmental conditions can alter the
outcome. If the organism survives at
all, it will have the blood group deter-
mined by its genes. Among psycho-
logical traits, on the other hand, some
variation in ouicome is always possible
as a result of concurrent circumstances.
Even in cases of phenylhetonuria, intel-
lectual development will exhibit some
relationship with the type of care and
training available to the individual.
That behavioral outcomes show pro-
gressive diversification as we proceed
alung the continuun of indirectness is
brought out by the other examples
which were cited. Chronic illness can
lead to scholarly renown or to intel-
lectual immaturity; a  mesomorphic
physique can be a contributing factor
in juvenile delinquency or in the at-
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tainment of a wollege presidency!
lished data on Sheldou suniatotypes
provide some support for both of the
latter outcomes.

Parenthetically, it may be noted that
genetici>ts have sometimes used the
term "norm of reaction” tu designate
the range of variation of poussible vut-
comes of gene properties (cf. 13, p.
161). Thus heredity sets the “norm”
or limits within which envirunmental
differences determine the eventual out-
come. In the case of some traits, such
as bluud groups or eye color, thi> norm
is much narrower than in the case of
other truits. Owing to the rather differ
ent psychological connotaticns of both
the words “norm™ amd ‘ reaction,” how
ever, it seems less confusing to speak of
the “range of variation” in thi> context.

A large portion of the continuum of
hereditary influences which we have de
scribed cuincides with the domain of
somatopsy Cholugical relations, as defined
by Barher et al. (6). Under this
heading, Barker includes “variations in
physique that affect the psychulogical
situation of a person by influencing the
effectiveness of his body as a tool for
activns or by serving as a stimulus to
himself or others” (6, p. 1). Rela
tively direct neurological influences on
behavior, which have been the tradi-
tional concern of physiolugical psychol-
ogy, are excluded from this definition,
Barker being primarily concerned with
what he calls the “social psychology of
physique.” Of the examples cited in
the present paper, deafness, severe ill-
ness, and the physical characteristics
associated with social stereotypes v ould
meet the specifications of somatopsycho-
logical factors.

The somatic factors to which Barker
refers, however, are not limited to those
of hereditary origin. Bodily conditions
attributable to environmental causes op-
erate in the same sorts of somatopsy-
chulogical relations as those traceable

21

to heredivy. In fact, heredity-environ-
ment distinctions play a minor part in
Barker’s approach.

Environmental factors: organic. Turn-
ing now to an analysis of the role of
environmental factors in behavior, we
find the same etivlogical mechanisms
which were observed in the case of
hereditary factors. First, however, we
must differentiate between two classes
of environmental influences. (a) those
producing urganic effects which may in
turn influence behavior and (d) those
serving as direct stimuli for psychologi-
cal reactivns. The former may be illus-
trated by foud intake or by exposure to
bacterial infection, the latter, by tribal
initiation ceremonies or by a course in
algebra. There are nv completely satis-
factury names by which to designate
these two classes of influences. In an
earlier paper by Anastasi and Foley (4),
the terms “structural” and “functional”
were employed. However, “organic”
and “behavioral” have the advantage of
greater familiarity in this context and
may be less open to misinterpretation.
Accordingly, these terms will be used in
the present paper.

Like hereditary fuctours, enviconmental
influences of an organic nature can also
be ordered aloug a continuum of indi-
rectness with regard to their relation to
behavior. This continuum clusely paral-
lels that of hereditary factors, One end
is typified by such conditions as mental
deficiency resulting from cerebral birth
injury or from prenatal nutritional in-
adequacies. A more indirect etiological
mechanism is illustrated by severe mo-
tor disorder—as in certain cases of cere-
bral palsy—without accompanying in-
jury to higher neurological centers. In
such instances, intellectual retardation
may occur as an indirect result of the
motor handicap, through the curtail-
ment of educational and social activi-
ties. Obviously this causal mechanism




corresponds closely to that of hereditary
deafness cited earlier in the paper.

Finally, we may consider an environ-
mental parallel to the previously dis-
cussed social stereotypes which were
mediated by hereditary physical cues.
Let us suppose that a young woman
with mousy brown hair becomes trans-
formed into a dazzling golden blonde
through environmental techniques cur-
rently available in our culture. It js
highly probable that this metamorpho-
si> will alter, not only the reactions of
her associates toward her, but also her
own self concept and subsequent be-
havior. The effects could range all the
way from a rise in social poise to a drop
in clerical accuracy!

Among the examples of environmen-
tally determined organic  influences
which have been described, all but the
first two fit Barker's definition of soma-
topsychological factors. With the ex-
ception of birth injuries and nutritional
dehciencies, all fall within the social
psychology of physique. Nevertheless,
the individual factors exhibit wide di-
veisity in their specific modus operandi

a diversity which has important prac-
tical as well as theoretical implications.

Fnvironmental  factors: bekavioral.
The second major class of environmen-
tal factors the behavioral as contrasted
to the organic are by definition direct
influences. The immediate effect of
such environmental factors is always a
behavioral change. To be sure, some
of the initial behavioral effects may
themselves indirectly affect the indi-
vidual’s later behavior. But this rela-
tionship can perhaps be best concep-
tualized in terms of breadth and per-
manence of cffects. Thus it could be
said that we are now dealing, not with a
continuum of indirectness, as in the case
of hereditary and organic-environmental
factors, but rather with a continuum of
breadth.

Social class membership may serve

as an illustration of a relatively broad,
pervasive, and enduring environmental
factor. Its influence upon behavior de-
velopment may operate through many
channels. Thus social level may deter-
mine the range and nature of intellec-
tual stimulation provided by home and
community through books, music, art,
play activities, and the like. Even more
far-reaching may be the effects upon in-
terests and motivation, as illustrated by
the desire to perform abstract intellec-
tual tasks, to surpass others in competi-
tive situations, to succeed in school, or
to gain social approval. Emotional and
social traits may likewise be influenced
by the nature of interpersonal relations
characterizing homes at different socjo-
cconomic Jevels.  Somewhat more re-
stricted in scope than social class, al-
though still exerting a relatively broad
influence, is amount of formal schooling
which the individual is able to obtain.

A factor which may be wide or narrow
in its effects, depending upon concomit-
ant circumstances, is language handi-
cap. Thus the bilingualism of an adult
who moves to a foreign country with
inadequate ma tery of the new language
represents a relatively limited handicap
which can be readily overcome in most
cases. At most, the difficulty is one of
communication. On the other hand,
sume kinds of bilingualism in childhood
may exert a retarding influence upon
intellectual development and may un-
der certain conditions affect personality
development adversely (2, 5, 10). A
common pattern in the homes of immi-
grants is that the child speaks one lan-
guage at home and another in school,
so that his knowledge of each language
is limited to certain types of situations.
Inadequate facility with the language of
the school interferes with the acquisition
of basic concepts, intellectual skills, and
information. The frustration engendered
by scholastic difficulties may in turn
lead to discouragement and general dis-
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Suth redctions can be
found, for example, amung a number of
Puerto Rivan children in New York City

like of school.

schuols (3). In the case of certain
groups, moreover, the child’s foreign
language bachground may be perceived
by himself and his associates as a sym-
bol of minority group status and may
thereby augment any emotional malad-
justment arising from such status (34).

A highly restricted environmental in
fluence is tu be found in the oppor-
tunity to acquire specific items of in-
formation vecurring in a particular in-
telligence test.  The fact that such
oppurtunitics may vary with culture,
social class, or individual experiential
bachgruund is at the basi> of the test
user’s concern with the problen of
coacking and with “culture-free” or
“culture fair™ tests (cf. 1, 2). If the
advantage or disadvantage which such
experiential differences confer upon cer-
tain individuals is strictly confined to
perfurmanice vn the given test, it will
obvioualy reduce the validity of the test
and should be eliminated.

In this connection, howewer, it is es-
sentiul to hnow the breadth of the en-
vironmental influence in question. A
falluy ishcrent in many attempts to
develup culture fair tests is that the
breadth of cultural differentials is not
taken into account, Failure to consider
breadth of effect lihewise characterizes
certain discussions of coaching. If, in
coaching a studeat for a college admiis
siun test, we can improve his knowledge
of verbal coneepts and his reading com-
prehension, he will be better eyuipped
to succeed in college courses.  His per-
formance level will thus be raised, not
only on the test, but also on the cri-
terion which the test is intended to pre-
dict. To try tu devise a test which is
not susceptible to such coaching would
merely redu.e the effectiveness of the
test. Simils. .y, efforts to rule out cul-
tural differentials frum test items so as

Q

RIC

Aruitoxt provided by Eic:

el S
P R VI P e

to make them equally “fair™ tu subjects
in different social classes or in different
cultures may merely limit the useful-
ness of the test, since the same cultural
differentialy may operate within the
broader arca of behavior which the test
is designed to sample.

METUHODOLOGICAL APPROACHES

The examples considered so far should
suffice to highlight the wide variety of
ways in which hereditary and environ-
mental factors may interact in the
cuurse of behavior development. There
is clearly a need for identifying ex-
plicitly the etivlogical mechanism where-
by any given hereditary or environmen-
tal conditivn ultimately leads to a be-
havioral characteristic  in other words,
the “how” of heredity and envitonment.
Accurdingly, we may now take a quick
lovk at sume proising methodological
approaches to the question “how.”

Within the past decade, an increasing
number of studies have been designed
to trace the connection between specific
factors in the hereditary backgrounds or
in the reactional biographies of indi-
viduals and their observed behavioral
characteristics.  There has beea a defi-
nite shift away from the predominantly
descriptive and correlational approach
of the earlicr decades toward more de-
liberate attempts to verify explanatory
hypotheses.  Similarly, the cataloguing
of group differences in psychological
traits has been giving way gradually to
research on changes in group charac-
teristics following altered conditions.

Amung recent ncthodological devel-
opnicuts, we have chosen seven as be-
ing particularly relevant to the analysis
of etivlogical mechanisms. The first rep-
resents an extension of selective breed-
ing investigations to permit the identifi-
cation of specific hereditary conditicns
underlying the observed behavioral dif-
ferences. When early selective breeding
investigations such as those of Tryon
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(36) on rats indicated that “maze learn-
ing ability” was inherited, we were still
a long way from knowing what was
actually being transmitted by the genes,
It was obviously not “maze learning
ability” as such. Twenty—or even ten
years ago, some psychologists would
have suggested that it was probably
general intelligence.  And a few might
even have drawn a parallel with the in-
heritance of human intelligence.

But today investigators have been
asking: Just what makes one group of
rats learn maczes more quickly than the
other? Is it differences in motivation,
emotionality, speed of running, gencral
activity level? If so, are these behav-
ioral chaiacteristics in tuin dependent
upon group differences in glandular de-
velopment, body weight, brain sice, bio
chemical factors, or some other organic
conditions? A number of recent and
onhgoing investigations indicate that at-
tempts are being made to trace, at least
part of the way, thz steps whereby cer.
tain chemical properties of the genes
may ultimately lead to specified behav-
jor characteristics.

An example of such a study is pio-
vided by Searle’s (31) follow-up of
Tryon's research. Working with the
straine of maze-bright and maze-dull
rats developed by Tryon, Searle demon-
strated that the two strains differed in
a number of emotional and motivational
factors, rather than in ability. Thus
the strain differences were traced one
step further, although many links still
remain to be found between maze learn-
ing and genes A promising methodo-
logical development within the same
general area is to be found in the recent
research of Hirsch and Tryon (18).
Utilicing a specially devised technique
for measuring individual differences in
behavior among lower organisms, these
investigators launched a series of stud-
ies an selective brecding for behavioral
characteristics in the fruit fly, Dro-
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sophila. Such research can capitalize
on the mass of available genetic knowl-
edge regarding the morphology of Dro-.
sophila, as well as on other advantages
of using such an organism in genetic
studies,

Further evidence of current interest
in the specific hereditary factors which
influence behavior is to be found in an
extensive research program in progress
at the Jackson Memonal Laboratory,
under the direction of Scott and Fullcr
(30). In general, the project is con-
cerned with the behavioral character-
istics of varivus breeds and cross-breeds
of dogs. Analyses of some of the data
gathered to date again suggest that
“differences in performance are pro-
duced by difierences in emotional, mo-
tivational, and peripheral processes, and
that genetically caused differences in
central processes may be either slight
or non-existent” (29, p. 225). In otner
parts of the same project, breed dif-
ferences in physiological characteristics,
which may in turn be related to be-
havioral differences, have heen estab-
lished.

A second line of attack is the explo-
ration of possible relationships between
behavioral characteristics and physio-
logical variables which may in turn be
traceable to hereditary factors. Re-
scarch on EEG, autonomic balance,
metabolic prucesses, and biochemical
factors illustrates this approach. A
lucid demonstration of the process of
tracing a psychological condition to ge-
netic factors is provided by the identifi-
cation and subsequent inyestigation of
phenylpyruvic amentia, In this case,
the cousal chain from defective gene,
through muiabolic disorder and conse-
quent cerebral malfunctioning, to feeble-
mindedness and other overt symptoms
can be described step by step (cf. °2;
33, pp. 389-391). Also relevant are
the recent researches on neurological
and Dbiochemical correlates of schizo-
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plirenia (9).  Owing tu  inadequate
methudolugical contivls, huwever, most
of the findings of the latter studies must
be regarded as tentative (19).

Prenatal environmental factues pro-
vide a third avenue of fruitful investi
gation.  Especially noteworthy is the
recent work of Pasamanich and his as-
sociates (27), which demonstrated a
tie up between sutiveconumic level, com
plications of pregnancy and parturition,
and psychological disordcrs of the off
spring. In a series of studies on large
samples of whites and Negroes in Balti.
moure, these investigators showed that
varivus prenatal and paranatal disur
ders are significantly related to the oo
currence of mental defect and psychi
atric disorders in the child.  An impor
tant source of such irrcgulacitivs in the
prucess of childbearing and birth is to
be fuund in deficiencies of materndl diet
and in other cunditions associated with
low socioecuotwmic st ‘us.  An analyais
of the data did in fact reveal a mech
higher frequency of all such medical
complications in lower than in higher
sociveconomic levels, and a higher fre
quency amwung Negrues than among
whites.

Direct evidence of the influence of
prenatal nutritional facturs upon subse
quent intellectual development is to be
found in a recent, well contrulled ex-
periment by Harrell et al. (16). The
subjects were pregnant women in low
income groups, whose nutmal diets were
generally quite delficicat. A dictary sup
plenient was administered to sumie of
these wumen during pregnancy and lac-
tation, while an equated control group
received placebus. When tested at the
ages of three and four years. the off-
spring of the experiment.! group ob-
tained a significantly, higher mean 1Q
than dJid the offspring of the cuntrols.

Mention should also be made of ani
mal experiments on the effects of such
facturs as prenatal radiativn and neo-
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natal asphyxia upun cercbral anomalies
as well as upuu subsequent behavior de-
velupment.  These experimental studies
merge imperceptibly into the fourth ap-
pruach to be cunsidered, namely, the in-
veatigation of the influence of early ex-
pericnce upou the eventual behavivral
characteristics of animals. Research in
this area has been accumulating at a
rapid rate. In 1954, Beach and Jaynes
(8) sutveyed this litetature for the Psy-
chologival Bulletin, listing over 130 ref-
erences. Several new studies have ap-
peared since that date (e.g., 14, 21, 24,
25, 35). The variety of factors covered
ranges frum the type and quantity of
available foud to the extent of cuntact
with human culture. A large number
of expetiments have been concerned
with varivus furms of sensory depriva-
tion and with diminished oppurtunities
for mutur exercise. Effects have been
obsetved in many kinds of animals and
in almust all aspects of behavior, includ-
ing perceptual responses, motur activity,
learning, emotivnality, and secial reac-
tions,

In their review, Beach and Jaynes
puinted vut that research in this area has
been stimulated by at least four distinct
theurctical interests. Sums: studies were
mutivated by the traditivnal concerr
with the relative cuntiibution of matu-
rativn and learniug tv behavior develop-
ment. Others were designed in an ef-
fort to test certain psychoanalytic theo-
ries regarding infantile experiences, as
illustrated by studico which linsited the
feeding respunses of young animals, A
third relevant influcnce is to be fuund
in the wourk of the Eurupean biolugist
Lorenz (23) on early sucial stimulation
of birds, and in particular on the spe-
cial type of leaining for which the term
“imprinting” has been coined. A rela-
tively large number of recent studies
have centered around Hebb's (17) the-
ory regarding the imnportance of eatly
perceptual experiences upun subsequent
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prformance in learning situations.  All
this rescarch represents a rapidly grow-
ing and promising attack on the modus
opcrandi of specific envirunmental fac.
tors.

The hum.n cvunterpart of these ani-
mal studies may be found in the com-
parative investigation of child rearing
practices in different cultures and sub-
cultures.  This represents the fifth ap-
proach in our list.  An outstanding ex-
ample of such a study is that by Whit-
ing and Child (38), published in 1953.
Utilizing data on 75 primitive sucicties
frum the Cruss Cultural Files of the
Yale Institwte of Hwaan Relations,
these investigators set out to test a
number of hyputheses regarding the re-
Lition-hips between child rearing prac-
tices aad persunality devedupment.  This
analysis was folluwed up by ficld ob-
senvations in five cultures, the results of
which have not yet been reported (cf.
37).

Within our own culture, similar sur-
veys have been conuerned with the di-
verse paycholugical environments pro-
vided by different soucial classes (11).
Of particular interest are the study by
Williams and Seott (39) on the s
sotiativn between sadistconomic level,
petinissiveness, aid mmotor devclopment
awinong Negro children, and the eaplora-
tury research by Milser (26) on the
icatinship botween reading readiness
in first grade children and patterns of
parent hild interaction,  Milner found
that upun school entrance the luwer-
Ly Child «cuns to lack chiefly two ad-
vantages enjuyed oy the middle class
child, The first is descriled as “a wann
por itive fumily alinosplicie or adualt re-
Letionship pattan which is mure and
mote being recognized s a motivativnal
prefeqaisite of any kind of adult con.
trolled learning.”  The lower-ckiss chil-
dren n Milner's study perecived adults
as prodominantly hostile. The second
advantiee is an Ol ive vpportumity

to interact verbally with adults in the
family. The lutter point is illustrated
by pa.cntal attitudes toward mealtime
wnversation, Juwer-class parent, tend-
ing to inhibit and discourage such con-
versation, while middle-class pasents en-
courage it.

Most traditional studies un child-rear-
ing ptactices have been designed in
terms af a psychoanalytic orientation.
There is need fur mure data pertaining
to uther {ypes of hypotheses. Findings
such as thuse of Milner un upportunities
fur verbalication and the resulting ef-
fuets upon reading readiness represent
a step in this direction. Another pos-
sible source of future data is the ap-
plication of the intcusive observativnal
techniyues of psycholugical ecology de-
vduped by Barher and Wright (7) to
witely diserse suciveconomic groups,

A siath major approach involves re-
scarch on the previously cited suma-
topsychological relationships (6). To
date, little direct information is avail-
able un the precise uperation of this
tass of factors in psychological devel
opment,  The multiplicity of ways in
which physical traits - whether heredi-
tary or cavirunmental in origin--may
influcnce behavior thus offers a rela-
tively uncaploted field for future study.

Tle sventh and final approach to
be comsidered tepresents an adaptation
of ttaditivnal twin studies. From the
standpuint of the question “Howe™
there is need for cluser coordination be-
tween the usual data on twin resem.
blance and observations of the family
interactions of twins. Available data
alivady suggest, for eaxample, that close-
hess of contact and eatent of environ-
mental similarity are gieater in the case
of inuuuzy gotic than in the case of dj-
sypotic twins (cf. 2). Information on
the suial reactions of twins toward
cah other and the specialization of
roles is likewise of interest (2). Espe-
cally useful would be longitudinal stud-
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ies ol twins, beginning in early infancy
and  following the subjects  through
schuul age.  The operation of differen
tial envitunnental pressures, the devel
opment of specialiced roles, and other
ems ironientiad influences could thus be
more ouly identificd and correlated
aith e dloctual and porsonality hanges
in the growing twins.

Patenthetically, I should like to add
a reniarh abuut the traditivonad applica
tiuns of the twin method, in which per-
suns in diffcrent degrees of hereditary
and environnicntal reliationships to cach
sther are sunply comparad for beha
futal siiilarity.  Tn these studies, at
tentivn kas buoen focusad  principally
upon the amount of rescnblunce  of
monuzygutic as cunttastad to dizygatic
twitis,  Yet such a cumpatison is par
ticulatly difficult to interpret because of
the niany subtle diffcrences in the en
vitonmental situativis of the two types
of twins, A mure fruitful compatisun
woull scon to e that botween dizy gotic
twirs and sibling., for whum the he-
reitary similecity @s hnown to be the
same.  In Kallmara's monumental re
seatch un psychiattic disorders aong
twins (20, for example, vne of the most
cunvining bits of evidence for the op
erativn of hereditary factors in schizo
phicuia is the fact that the degrees of
cumvondance fur dizygotic twins and for
siblings were practically identical.  In
contrast, it will be recadled that in in
telligene test aures diry gutic twing re
sewble cach other much more cluscly
than du sibliigs  a finding which re
veals the juflucice of envirvnniental fao
tors in intellectual development.

SustMaARY

The heredity envirunment problem is
still very much alive.  Its viability is
assuted by the gradual replacement of
the questions, “Which vne?” and “How
much?” by the mure basic and appro
priate questivn, “How?" Hereditary in

fluences  as well as envitonmental fac-
turs of an organic nature vary along a
“centinuum of inducctness.” The more
indirect thelr connection with Lehavior,
the wider will be the range of variation
of pussible outcomes. One eatresne of
the continuum of indirectuess nay be
illustrated by brain damage le.ding ta
mental deficiency . the other extreme, by
physical characteristics associated with
sacial stereotypes.  Examples of factors
falling at intermediate point, include
deafness, physical diseases, and motor
disutders. Thuse envirunmental fadtors
which act direetly upon behavior can Le
ordered along a continumun of breadth
or permanence of effect, as exemplified
by suial class membership, amount of
furmal schuuling, language handicap,
and familiarity with specific test items.

Several current lines of rescarch offer
prumising techniyues fur exploring the
modus operandi of hereditary and envi
roniicntal factor..  Outstanding among
then are inseatigations of. (@) heredi-
tary conditions which underlie behav
ivtal differences between selectively bred
groups of animals, (&) relations be
tween physiolugical variables and indi-
vidual diffcrcnees in behavior, especially
in the case of pathulugical deviations,
(c) rule of prenatal ptysiciagical faclor.
in behaviur development, (d) influence
of eatly expetience upun eventual be-
havioral charact istics, (e) cultural
differences in chile .caring practices in
relation to intelle.cual and emotional
develuptucut, (f) mechanisms of suma-
topsychologival relativnships, and (g)
psychulugical development of twins from
infancy to maturity, together with ob-
servations of their social environment.
Such approaches are extremely varied
with regard tu subjects empluyed, na-
ture of psycholugical functions studied,
and spedific experimental procedures fol
lowed. But it is just such hetervgencity
of methudolugy that is demanded by
the wide diversity of ways in which he-
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reditary and environmental factors in-
teract in behavior development.
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B. F. SKINNER

Reflections on a decade
of teaching machines

To THE GENERAL PUBLIG, and to many
educators as well, the nature and scupe of
teaching machines are by no nicans clear.
There is an extracrdinary need fer more
and better teaching, and any enterprise
which may lielp to mect it will not be
left to develop normally. "The demand for
infurmation about teaching machines has
been excessive. Articles and bocks have
been published and lectures given, sym-
posia have been arranged, and confer-
ences and workshops have been held and
courses taughs. Those who have had any-
thing uscful to say have said it far too
often, and those who have had nothing tv
say have been no more reticent.

Education is big business. Teaching
machines were soon heralded as a growth
industry, and fantastic predictions of the
sales of pragramed texts were circulated.
Devices have been seld as teaching ma-
chines which vere not well built or
desizned with any undesstanding of dheir
function or the practical exigencies of
their use. Nou author was ever more
warnly reedived by a publisher than the
author of a progimned e Many pro-
aratiy, to be used cither wigh machines
or in tetboul furin, have been marheted
without adequate cvaluation.

Teachers and Devices
The “nicclanizing of cducation” has
been taken litcrally in the scnse of duing

by machine what was formerly donc by
people. Sonic of the su-called computer-
based teaching machines arc designed
simply to duphcate the behavior of
teachers. To automate educativn with
mechanical teachers is like automating
banking with wicdhanical tellers and
bookkecepers. What is necded in both
cascs is an analysis of the functions to be
served, followed by the design of ap-
propriate equipmecnt. Nothing we now
know about the learning process calls
for very elaburate instrumentation.

Lducadonal specialists have added to
the confusion by trying to assimilate the
principles upun which teaching machines
are based to older theorics of learning
and teaching,

In the bruadest sense, tecaching ma-
chines are simply devices which make it
possible to apply our technical knowl-
cdge of human hehavior to the practical
field of education (20). Teaching is the
expediting of learning. Students leamn
without teaching, but the teacher ar-
ranges conditions under which they learn
moie¢ rapidly and effectively. In recent
years, the esperimemal analysis of be-
havior has revealed many new facts about
relevant conditions. Thic growing cffec-
tiveness of an experimental analysis is still
not widely recognized, even within the
behavioral seiences thennelves, but the
iplications of some of its achievemnents

TEACHERS COLLEGE RECORD, 1963, Vol. 65, pp 168.177.
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for cducation can no longer be ignored.

An important condition is the rilation
between behavior and its consequences,
learning occurs when behavior is “rein-
forced.” The power of reinforcement is
not casily appreciated by those who have
not ..ad finthand experience in its use or
have not at lecast secen some sort of
experimental  demonstration.  Ixtensive
changes in behavior can be brought about
by arranging so-called contingencics of
reinforcement. Various kinds of con-
tingencices are concealed in the teacher’s
discussions w ith his studcnts, in the buovks
he gives them to read, in the clarts and
other materials he shows them, in the
questions he asks them, and in the com-
ments he makes on their answers. An
experimental analysis clarifics these con-
tingencics and suggests many Lnprove-
ments.

Shaping by Program

An important contribution has been
the so-called “programing” of knowledge
and skills—the constructiva of carcfully
arranged sequences of contingencies lvad-
ing to the terminal performances which
are the object of cducation. The teacher
begins with whatev .r behavior the stu-
dent brings to the instructional situation,
by sclective reinforcement, he changes
that behavior so that a given terminal per-
formance is more and morc closely ap-
pruximated. Lven with lower organisins,
quite complex behaviors can be “shaped”
in this way with surprising spced, the
human organisin is presumably far more
sensitive, Su impurtant is the principle of
prograruing that jo is often regarded as
the main contribution of the teaching-
machinc oy ement, but the cxperimental
analysis «f behavior iias much more to
contribute to a technulogy of education.

The dircct contact which often exists
betweens teacher and student favurs the
comstructiva of progiamed  sequences,
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and the tcacher who understands the
process can profit from the vpportunity
to improvise prugrams as he gues, Pro-
grams can be constructed in advance,
however, which will successfully shape
the behavior of most students without
local modificativns, and many of them
can convenicntly be mediated by me-
<hanical devices. Laboratory studies have
showu that contingencics emphasizing
subtle properties of behaviur can often
be arranged only through instrumenta-
tion. There arc potentially as many dif-
ferent kinds of teaching machines as there
are kinds of contingencices of reinforce-
ment.

Teaching maclines w hich present ma-
terial to the student and differentially
reinforce  his responses in well con-
structed programs differ in several ways
from sclf-testing devices and self-scoring
test forms, as well as from the training
devices which have long been used by
industry and the armed services. As Pres-
sey pointed out many years age (8), a
student will learn while taking a :nulti-
ple-chuice test if he is told immediately
whether his answers are night or wrong.
He learns not to give wrong answers
again, and lis right answers are strength-
ened. But testing has tradiuunally been
distinguishcd  from teaching for good
reason. Bcfuie using a self-testing device,
the student must already have studied the
subject and, presuniably, learned niost
of what he is to learn about it. Tests
usually occupy only a small part of his
time. Their main cffect is motivational.
A poor score induces hum to study harder
and possibly moure effectively. Materials
designed to be used in self-testing devices
have recently been programed, vat the
contingencics which presail during a st
arc not favorable to the shaping and
maintaining of behavior.

Comvendonal training doviees arrange
conditiuns under which students learn,
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wually by simulating the conditivns
under which they wentually perforin,
Their uriginal purpuse was to | r ,ent in-
jury or waste during carly s.ages of
learning, but attention has recently been
gihven to programing the actual behaviors
they are designed to teach. To the uxtent
that they capedite learning, they arc
teaching miachines. Terminal perform-
ances have usually been selected for prac-
tical reasuns, but a more pronibsing possi-
bility is the analysis and programing of
basic mutur and pereepaal shills—a goal
which should have an important place in
any statument of educational policy.

In arranging cuntingencies of rein-
forcement, machines do many of the
things tcachers do, in that sense, they
teach. The resulting instruction is not
impersunal, however. A muchine presents
a program designed by svineune who
knew what was to be taughe and could
prepare an appropriate scrics of con-
tingencics. It is most effective if used by
a teacher who knows the student, has
followed his progress, and can adapt
available machines and niaterials to his
nceds. Instrumentation simiply makes it
pussible fur programer and teacher to pro-
vide conditions which maxinially eape-
dite learning. Instrumentation is thus
sccondary, but it is ne.crtheless inevita-
ble if whatis now knuwn about behas jor
is to be used in an cffectise technology.

T'he New Pedagogy

Any practical applicadon of basic
hnowledge about teacking and kaming
is, of coune, pedagugy . In the Ukited
States at least, the term is now dis-
credited, but by emiplinsizing an analy sis
of leamning processes, teaching machine
and programed nstruction have veen re-
spotbible for sumc Luprovement in its
status. The significance of the teaching
nmuachine muvement can be indicated by
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noting the astonnhing lack of interest
which uther propuwsals for the improve-
ment of education show in the teaching
process.

Find beeter tcachers. In his Talks to
Teachkers, Williamn James insisted that
there was nouthing wrung with the Ameri-
can school system which could not be
correctes] by  “impregnating it with
geniuses” (7). It is an old formula. If
you cannut sulve a problem, find some-
onc who can, If you du not know how
to teacl, find sumcone who knows or
can find out for himsclf. But geniuscs
are in short supply, and guod teachers do
not come ready-made. Iducation would
no doubt be improved if, as Conane (3)
has repeatedly pointed out, good teachers
who know and like the subjects they
teach could be attracted and retained.
But somcthing more is needed. e is not
true that “the two esscatials of a good
teacher arc (a) enthusiasm and (b)
thorough hnuwledge of and ifaterest in
his subject™ (5). A third essential is know-
ing how to teach.

Enndate model schools. Rickover's
crincisin of the prescnt Amcrican school
system i well-known (9). His only im-
port.mt pu.sltnc suggcestiun 15 to sct up
model schivuls, staffed by model teachers.
The implication is that we already have,
or at least can have for the ashing, schools
which need nu improyvement and whose
methods can be widely copied. This is
a dangcrous assumption if it discourages
further inquiry into instruction,

Simplify what is to be learned. Un-
stecessful instrucdon is often blamed on
refiactory subject matters. Difficulties in
teaching the verbal arts are often at-
tributed to the inconsistencies and un-
necessary cumpleaities of a language. The
pupil is taught manuscript handwriting
because it invre closcly roembles printed
forms. He is raught to spell only those
words he is Likely to use. l’hpnctic alpha-




bets are devised to help him leam to read.
1t may be casier to teach such materials,
but teaching itwelf is not thereby im-
prosed. Lifective teaching woald cor-
rect these pe simistic cstimates of availa-
ble instructianal power.

Reorgamze what is to be Laoned, The
proper structuiing of a subject matter is
perhaps a part of pedagogy, but it can
also serve as a mode of escape. Propusals
for improving education by reorganizing
what is to be learned usually contain an
implicit aswnption that students will
automatically perceive and remember
anything which has “good form—a
doctrine probably traceable to Gestalt
psychology. Current revisions of high
school curricula often scem to lean
heavily on the belief that if what the stu-
dent is to be taught has been “structurad,”
he cannot help understanding and re-
membering it (7). Other purposes of
such revisions cannot be questioned.
Materials should Le up to date and well
organized. Bue a high school prescntation
acceptable to a current physicist is no
more casily taught or casily remembered
than the out of-date and erroncous -
teriai to be found in teats of a decade or
morc ago. Similarly, the accent of a ma-
tive speaher encountered in a language
laboratory is no more casily learncd than
a bad accent. No matter how well
structured a subject matter may be, it
must still be taughe.

Improve presentation. Pedagogy can
also be avoided if what is to be learned
can be made mentorable. Audio-isual
devices are often recommended for this
purposc. Many of their other purposes
arc casily dcfended. T is not atway s casy
to Lring the student intu coatact with
the things he is tu learn abour Wuids are
easily imported into the classroum, and
bwoks, lectures, and discussions are thicre-
fore staples of education, but this is uften
an unfurtunate bias. Audio visual devices
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can cnlarge the student’s nonverbal ex-
perience. They can also serve to present
matcrial clearly and con eniently, Their
usc in attracting and holding the stu-
dent’s attention and in dramatizing a sub-
ject matcer in such a way that it is al-
most automatically remembered must e
questioned, however. It is especially
tempting to turn to them for these pur-
puses when the teacher dues not use puni-
tive methods to “make students study.”
But the result is not the same. When a
studens obseives or attends to somcthing
in order to sce it more clearly or re-
member it more effectis ely, his behavior
must have been shaped and maintained
by reinforcement. The teinporal order
was important. Cerwain reinforcing ey ents
must have occurred after the student
loohcd at, read, and peihaps tested him-
self on the material. But when colored
displays, attractive objects, filmed epi-
sodes, and other potentially reinforcing
materials are used to attract attention,
they must occur before the student ¢n-
gages in these activitics. Nothing can re-
infurce a student for paying attention if
it has alrcady been used tv atrrace his
attention, Material which attracts acten-
tion fails to preparc the student to at-
tend to material which is not interesting
on its face, and material which is natu-
rally memorable fails to prepare him to
study and recall thangs which are not, in
themselves, unforgettable. A well pre-
parcd instructional filn, may appear to
Le successful in arousing interest in a
given subject, and parts of it may be re-
membered without effort, Lut it has not
taught the student chat a subject may
become intcresting when more closely
cxaniined or that intensiv ¢ study of some-
thiug which is likely to be overluoked
may have reinforcing consequences.
Multiply comtacts beticen teacher and
students. Audiv-visual devices, particu-
larly when adapted to television, are also
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used to hmprove education by bringing
onc tcacher into contact with an in-
definitely large number of scudents. This
can be done, of course. without analyzing
how the teachar teaches, and it cmpha-
sizes a ide of communication which
has two scrious disadvantages. The
teaciier cannot sce the cffect he is having
on lus students, and large numbers of
students nuust pmcccd at the samce pace.
Contributions tu pedagogy may be made
i designing progranis for cducational
televison, bue the mere multiplication of
contacts 15 not itsclf an improycinent in
teaching.

Expand the educationai system. In-
adequate education may be corrected by
building more schouls and recruiting
more teachers so that the total quantity
of education is increased, even though
there is no change in cfficiency.

Raise standards. Least effective in im-
proving teaching are demands for higlier
standards. We may agree that stwdents
will Le better educated when they learn
more, but how are they to be induced
to do su} Demands for higher standards
usually come from critics who have least
to offcr 1 improving teaching itsclf.

The nivvement symbolized by the
teaclung machine differs from other pro-
posals i two ways. It emphasizes the di-
rect improvement of teaching on the
prinaple that no caterprise can improve
teself to the fullest eatent without ex-
amining its basic processes. In the second
place, it cnphasizes the implementatioa
of basic hnowledge. If instructional prac-
tices violate many basic principles, it is
only n part because these principles are
not widdly known. The teacher cannot
put what lic knows into practice in the
cdasstoun. Teaching machines and pro-
gramad instruction constitute a direct at-
tack on the problem of iniplementation,
With apprupriate administrative changes,
they may bridge the gap between an
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effective pudagugical theory and actual
practice.

Educational Goals

An cffective technology of teaching
calls for a re examination of eduacational
objectives. What is the teacher’s actual
assignmene? Fducationat policy is usually
stated in traditivnal terms. The teacher
is to “inpart knowledge,” “improve
shill, “dcvelop rational facultics,” and
so on. That education is best, says Dr.
Iuechins (6), which develops “intel-
lectual power.” The task of the teacher
is to change certain inner processes or
states. Fle is to improy e the mnind.

The role of the teacher in fostering
mental prowess has a cectain prcstigc.
It has always been held superior to the
role of the trainer of motor skills. And it
has the great advantage of Leing almost
invulnerable to criticism. In reply to the
complaint that he has not produced ob-
servable results, the teacher of the mind
can lay claim to invisible achievements.
His students may not be able to read, but
he has only Leen trying to make sure
they wanted to learn. They may not be
able to solve problems, but he has been
teaching them simply to think creatively.
They may be ignorant of specific facts,
but he has been pumarily concerned with
their genetal interest in a ficld.

Traditional specifications of the goals
of cducation have never told the teacher
what to Jdo upon a given occasion. No
onc knuws how to alter a mental process
or strengthen 2 mental puwer, and no
onc can be sure that he has done so when
he has tricd. There have Leen many good
teachers who have supposed themselves
to be working on the minds of their stu-
deats, but their actual practices and the
results of thuse practices can be analyzed
in othet ways. The well educated student
is distinguished by certain characteristics.
What are they, and how can they be
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produced? Perhaps we could answer by
redefining traditivnal goals. Instcad of
imparting knousledge, we could under-
take to bring abuut thuse changes in be-
havior which arc said to be the con-
spicuous manifestations of hnowledge, or
we could sct up the behavior which is
the mark of a man possessing well de-
veloped rational powcr. But mentalistic
formulations are warped by irrelevane
historical accidents. The behavior of the
educated student is much more cff cctively
analyzed dircctly as such.

Contrary to frequent asscrtions, a be-
havioristic formulition of human be-
havior is not a crude positivism which
rejects mental processes becaase they are
not accessil.le to the scientific public (22).
It does not emphasize the rote learning
of verbal responses. It docs not neglect
the coniplex systenis of verbat behavior
which arc said to show that a student has
had an idea, or devcloped a concept, or
entertained a propusition. It Jocs not ig-
rore the behavior involved in the intel-
lectual and cthical problcm solving called
“thinking.” It does not overlook the
value judgrients said to be invoked when
we decide to teach one thing rather than
another or when we dufend the tinie and
effort given to cducation. It is merely an
cffective formulation of thosc activitics
of teacher and student which have al-
ways been the concern of cducational
specialists (71).

Not all behavioristic theorics of learn-
ing are relevant, however. A distinction
is commonly drawn between lcarning
and performance. Learning is said tv be
a clmngc in somc special part of the
organism, posybl) the nervous sy stem,
of which bchavior is mcr-.l) the catcrnal
and often erratic sign, With modern
techuiques, however, behavior can be
much morc succuwsfully studicd and ma-
nipulated than any such inncr systan,
even when inferences about the latter are
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drawn froni the behavior with the help
of sophisticated statistics. An analysis of
learning which concentates on che Le-
havior applics must ditectly to a tech-
nology, for the task of the teacher is to
bring abuut changes in the student’s be-
havior. Iis mcthods arc cqually con-
spicuous, I1c makes changes in the en-
vironment. A tcaching method is simply
away of arranging an environment which
expedites learning.

Managing Contingencies

Such a formulation is not casily as-
similated to the traditivnal psy chology
of lcarning. The teacher may arrangc
contingencics of reinforcement to st up
new forms of response, as in teaching
handwriting and speech or nonverbal
forms of behavior in the arts, crafts, and
sports. He may arrange contingencics to
bring responses under new kinds of
stimulus control, as in teaching the stu-
dent to read or draw from copy, or tu
behave cffectively upon other hinds of
occasivns. Current instructional progranss
designed to fulfill such assignments are
mainly vetbal, but cumparable con-
tingencics gencrate nonverbal behavior,
including perceptual and motor shills and
various kinds of intellectual and cthical
scif-management.

A .,ccond kind of pronrammg main-
tains the student’s behavior in strength.
The form of the responsc and the stimu-
lus control may not chauge, the student
is simply more likely to respond. Semc
relevant mcthods are traditionally dis-

cussed under the heading of motiv ation,
For cxamplz, we can strengthen behavior
by mtroducmg new reinforcers or mak-
ing old oucs more cffective, as in giving
the student better reasons for getting an
education. The experinicneal analysis of
behavior suggests anothct hinportant pos-
sibility. Schedule available reinforcers
more cffcctively. Apprupriate terminal
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schedules of reinforcement will maintain
the student’s interesr, miake him industri-
ous and persevering, stiniulate his curi-
osity, and so on, but lcss demanding
schedules, carcfully desizned to ummmm
the behavior at cvery stage, must conic
first. The progrnmm" of schedules of
reinforcement is a promising alternative
to the avensive control which, in spite of
repeated reforms, still prevails in edu-
cational practice.

In neglecting programing, teaching
mcthods have mctely follo“cd the Ic.ld
of the cxperimental psychology of leamn-
ing, where the almost universal practice
has been to submit an organism im-
mediately to terminal contingencics of
reinforcement (73). A maze or a dis-
crimmination  problem, for example, is
learned only if the subject acquires ap-
propriate bchavior before the behavior
he brings to the cxperiment has eatin-
guished. "T'he intermediate contingencies
are largely accidental. ‘1 he differences in
behavior and in rate of Ic.lrning which
appear under these conditions are often
ateributed  to inherited  differences in
abilicy.

In maximizing the student’s success,
prograncd instruction differs from so-
called trial-and-crror learning where the
student is said to learn from his mistahes.
At best, he leains not to make mistancs
again. A successful esponse may sunvive,
but trial and-crror teaching makes hetle
provision for actually stro.n“thenmn it.
The mcthod scerns m'“\.mbI) comniited
to avensive control. Tur the same reason,
programed instruction dues not cluscly
resemble teaching pacternad on ey cryday
conutugication. It is wsually not cnough
simply to tell the student somcthm" or
induce him to read a buok, liec must Le
told of must read and then Le questioned.
In this “ecll-and-test” pean, the test is
nut given to mcasure wliae lic lias learned,
but to show him what lic Las not learned
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and thus induce him to listen and read
more carcfully in the future. A sinilar
basically aversive pattern s widespread
at the cullege level, where the instructor
assigns macerial and then examines on
it. The student miay lenn to read care-
fully, to make notes, t discover for him-
self how to study, and so on, because in
doing su he avonls aversive consequences,
but hic has not necessarily been taught.
Assigning-and-testing is not tcaching.
The aversive by-products, familiar to
cveryone in the ficld of education, can be
avoided through the use of programed
positive reinforcement.

Many faces and principles derived
from the cxperimental analysis of be-
havior are relevant to the construction of
cffective programs leading to terminal
contingendies. The facts and principles
ar: often difficult, but they make up an
inwspensable acmamentarium of the ef-
fectne ccacher and cducational specialist.
We have long since passed the point at
which our basic knowledge of human be-
havior can be applied to education
through the use of a few generai princi-
ples.

Principle and Practice

The difference between general prin-
ciples and an cffective technology can be
scen in certain cfforts to assimilate the
principles of programed instruction to
carlier thevrics. Programicd instruction
has, for example, been called “Socratic.”
It is truc that Sucrates proceeded by
stnall steps and often led his students
through an argument with a serics of
verbal prompts, but the caample often
cited to lustiate lus micthod suggests
that he was vnaware of an impureant de-
tyl—namcly, that prompts must cventu-
ally be “vanished” in owder to put the
student vn his ouwn. In the fanious scene
in the JIMeno, Sucrates dumonstrates his
theory that leaning is simply recollec-
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tion by leadinyg an uncducatad slave boy
through Pythaguias’s Golden Theorem.
The Loy esponds with the rathier timid
compliance to be expectad under the cir-
cumstances and never without hlp. Al
though Sucrates himsclf and some of
thuse aong his listeners who were al-
ready fannbar with the theoran may
have understuad the proef better at the
end of the scene, thcre is no evidence
whatsocver that the boy understood it
or could recumstruct it. In this caample
of Sccratic m»truction, at least, the stu-
dene ahinost certainly learned nothing.!
A scventeunth-century anticipativn of
programed imttuctivn has alu been
found in the work of Cumenius, who ad-
vocated tcaclung in sniall steps, no step
being tvo great for the student who was
about to tahe it. Prugraming Is sunietimes
described suuply as breaking matcrial
into a large number of small picces,
arranged in a plausible genetic order.
But size of step is nut enough. Sumicthing
must happen to help the student tahe
cach step, and somicthing must happen as
he takes it. An cifcctive program is usu-
ally composed of small steps, bur the
whole story is not to be found in
Comenius's plilusuphy of education.
Another vencrable principle is that the
student should nut proceed until he has
fully undcrstoud what he s .o learn ata
given stage, Suveral writers have quoted
E. L. Thuradikc (75) to this effcct, who
wrote in 1912,
I, by a nuracle of mechanical mgenuity,
a book cuuld be so arrangud that unly w
him who had done what was directed un
pagc one would page two become visible,
and so on, much that now requires per-
sor.ml instruction could be managed by
print.
In commenting on this passage, Finn and
Perrin (4) have wiitten, . . . Tere arc
1The program of the Aeno cpisode con-

structed by Cohen (2) is an improvement in
that the student responds with luss prompung,
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the insights of a genius. istory can very
often teach us a lesson in humility —and it
does here. The interesting question is.
Why couldn’t wc sce it then?” We might
alsu ash, why couldn’t Thomdike sce it
then? Ie remained active in cducation
for at least 30 ycars, but he turned from
this eatraordinuily promising principle
to another and—as it proved—less profit-
able approach tu cducational psychology.

It is always tempting to argue that
carhier ideas would have been cffective if
peuple has only paid attentivn to them.
But a guod idea niist be more than right
It 1nust command attention, it must malke
its own way because of what it does. Ed-
ucation does not need principles which
will improyve cducation as soon as people
observe them, it needs a technology so
powerful that it cannot be ignored. No
matter how insightful the anticipation of
mode.n principles in carlier writers may
scem to have been, something was lack-
ing or cducation would be 1nuch farther
advanced. We arc on the threshold of a
technology which will be not only right
but cffective (14).

Criteria of Research

A science of behavior makes its prin-
apal contribution to a technology of
cducation through the analysis of wouiutf
contingencies of reinforccment. Ic also
suggests a new kind of cducational re-
search. Thorndike never realized the po-
tentialitics of his carly work on learning
because he turned to the measurement of
mental abilities and to matched-group
comparisons of teaching practices. He pi-
oncered in a kind of rescarch which, with
the encouragement offered by promising
new statistical techniques, was to domi-
natc cducational psychology for decades.
It led to a serious neglect of the process
of instruction.

There arc practical reasons why we
want to knew whether a given method
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or instruction is successful or whether it
is more suecessful chan another. We may
want to know what changes it brings
about in the student, possibly in addition
to those it was designed to cffect. The
more rcliable our answers to such ques-
tions, the heteer. But reliability is not
cnough Correlations betw cen test scores
and significane differences hetween group
mcans tell us less about the behavior of
the student in the act of learning than
results obtained when the investigator
can manipulace variables and assess their
cffeets in a manner characteristic of lab-
oratory rescarch The practices evaluated
in studics of groups of students have usu-
aliy not been suggested by carlier re-
search of a similar nature, but Lave been
drawn from cradition, from the improvi-
sations of skillful teachers, or from sug-
gestions made by cheorists working in-
tuitively or with other kinds of facts.
No matter how much they may have
stimulhed the insightful or inventive re-
searcher, the evaluations have seldom led
dirceely to the design of improved prac-
tices.

The contrast between statistical evalua-
tion and the cxperimental analysis of
teaching has an illuminating paralle! in
the fild of medicine. Various drugs,
regimens, surgical procedures, and so ¢n,
must be examined with respect to a very
practical question: Doces the health of
the patient improve? But “healeh” is only
a genetal description of specific physio-
lugical processes, and “improvcmcnt" 1S,
30 to speah, mwicly a by-product of the
changes in these processes induced by a
given treatinent. Medwine has reached
the point wlicte tescarchon specific pruc-
esses s 4 tmuch e fertile source of new
kinds of therapy than cvaluations in
terms of improvement in health, Simi-
laely, in education, no matter how im-
portant improvement in the student’s
performance may be, it reinains a by-

product of spedific changes in behavior
resulting from the specific changes in the
I jronment wrought by the teacher,

Jucational research patterned on an cx-
perimnental analysis of behavior leads to a
much Letter undertanding of these basic
processss, Research directed toward the
behavior of the individual student has,
of course, a long lustory, but it can sull
profit greatly from the support supplicd
by an experimental analysis of behavior,

This distinction cxplains why those
concerned with eaperiniental analyses of
learning are nut likely to take matched-
group cvaluations of teaching machines
and programed instruction very seriously.
It is not possible, of course, to cvaluate
cither machines or programs in general
because only specific instances can be
tested, and  available examples by no
means represent all the possibilities; but
even the evaluation of a given machine or

. program in the traditional manner may

not give an accurate account of its effects.
For example, those who are concerned
with improvement are likely to test the
student’s capacity to give right answers.
Bcing right has, of course, practical im-
portance, but it it only onc result of in-
struction. It is a doubtful measure of
“knowledge” in any uscful sense. We say
that 2 student “knows the snswer” if he
can sclect it from an array of choices, but
this does not mean that he could have
given it without help. The right answer
to one question docs not imply right an-
swers to all questions said to show the
“possession of the same fact.” Instruc-
tional programs are often criticized as
repetitions or redundant when they are
actually designed to put the student in
pussession of a number of different re-
sponses “expresing the same proposi-
tion.” Whether such instruction is suc-
cessful is not shown by any onc right
answer.
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Correct or Educated?

A preoccupation with correct answers
has led to a common misunderstanding of
programcd materials. Smce 2 sentence
with a blanlk to be filled in by the student
resembles a test iten, it is often supposed
that the response demanded by che ulank
is what is Icarned. In that casc, a2 smdent
could not be learning much becavse he
may respond correctly in 19 out of zo0
frames and must therefore already have
known g5 per cent of the answers. The
instruction which occurs as he completes
an item comes from having responded to
other parts of it. The cxtent of this in-
struction cannot be cstimated from the
fact that he is right 19 out of :0 times,
either while pursuing a program or on a
subsequent test. Nor will this statistic tell
us whether other conditions are impor-
tant. Is it niost profitable for the student
to executc the response by writing it out,
by speaking it aloud, by speaking it
silently, or by reading it in sonic other
way? These proccdures may or may not
have different effects un a sclected “right-
answer” statistic, but no onc statistic will
cover all their effests.

Research in teaching must not, of
course, lose sight of its main objective—
to make educatien more cffective. But
improvement as such is a questionable
dimension of. the behavior of either
teacher or student. Dimensions which are
much more intimatcly related to the con-
ditions the tcacher arranges to cxpedite
leamning must be studicd even though
they do not contribute to inprovement
or contributc to it in 2 way which is not
immediately obvious.

The changes in the Lehavior of the in-
dividnal student brought about by ma-
nipulating the environment are wsually
immediate and specific. The results of
statistical comparisons of group perform-
ances usually arc not. From his study of
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the behavior of the individual student,
the investigator gains a special kind of
confidence. He usually knows what he
has done to ger onc cffect and what he
must do to get another.

Confidence in cducation is another pos-
sible result of an cffective technology of
teaching. Competition between the vari-
ous cultures of the world, warlike or
friendly, is now an accepted fact, and
the rolc played by education in strength-
cning and perpctuating a given way of
life is clear. No ficld is in greater need of
our most powerful intellectual resources.
An cffective cducational technology
based upon an experimental analysis will
bring it support commensurate with its
importance in the world today.
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The Classroom
as a System

Martin R. Wong and Joyce M. Wong

The words “systems,” “systems approach” and *'systems view”
have 4 scientific and esoteric ring that is almost intimidaating to
the classroom teacher and to others who do not fully undcerstand
their meaning. In fact, however, the concept of a “system™ is a
relatively simple one,

Systems in General

A system, in the broad sensc, is a set of parts united by some
form of mteraction, Examples of this broad sense would be the
solar system, the digestive system and the telephone system.
However, thas definiton is a hittle too braad because it leaves out
what 1s perhaps the most vital aspect of mos: systems— especially
educatzonal sy stems. the concept of purpose. It is a purpose that
detines the content and processes of a system, and it is with
reference to purpose that most man made systems arc evaluated.
Therefore, a more reasonable definition of a system is a see of
parts waited by some form of interaction for the attainment of a
specific prpuse. The systems approach 1o design begins with
orgatized common sense -organized so that all factors are taken
into consderation, so that the outcomes of the process involved
nuteh the designated purposes as nearly as possible.

An example of a relatively simple system is the clectrie
famp. It has a collection of parts-mast commonly 2 bulb, wire,
switch, stand and shade—which are united and perform in
mnteraction for a speaific purpose. to prowide light. Different
Kinds of lamps are designed for different purposes

Any particular light-disseminating system is part of 2 larger
system or suprasystem, the eleetrical system, which has many
such sub-systems, and has as its central purpose the provision of
eleetric power. The lamp 15 also a suprasystem in the sense that it
is made of sub systems such as the switch, the incandescent bulb,
and the wire and plug. Each of these sub=systems also has
interacting parts and a purpose.

The overall purpose of the educational system is to facilitate
learning. Fach sub-sy stem is designed to act in interaction with
the other parts of the system to further this purpose. Examiples of
sub sy stems are the classroom units, the administrative teams, the
custodal teams, the schoul buildings, cte. Each sub-system has its
own specific purposes which should, in interaction, furcher the
overall purpose.

The Classroom System
Any particular classroom can be viewed as a sub-system, its
interacting  parts are many: the students, the teacher, the

EDUCATIONAL TECHNOLOGY, May, 1972, pp. 56-57.
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muterials (Blackboards, books, maps, audiovisual mds, ete.) and
all the other components that serve to further the learning
process.

The classroom  system has as its gencral purposc the
facihtation of learming of its individual stcudents and may have a
particular learmng area that at s respunsible for; eg., seventh
grade math, American lnstory, ete. Howeser, this geners! purpose
is also broken up inte many sub purposes n the form of specific
learning objectives. At any given minute some particular sub-pur
poscas probably guiding the actions of the teacher in his search to
stimulate and guide learning, These sub-purposes may be specifi-
aally explicated as behavioral objectives or may exist av momen-
tary abjectives in the mind of the teacher or a panicular student,

System Components

In addition o its guiding purposes, a system has twe; other
aspeets. process and content, o the systems sense, the term
content reters speafically to the components of the system. This
15 cdearly duferent from the usual educatuonal usage. In the case
of the highung system the content was the bulh, wire, switch,
stand, cte. In the classcoom learning system the content is the
teacher, the students, the matenals and whatever other aspects of
the classroom and commumity that can be brought to bear in
furthering the purpose of the systenm. Many classroom lcarning
systems reach outside of the classroom and the schocl to bring in
other mteracung parts to ud in achieving their purposes. For
example, many teachers use visiting guests, field trips, necws:
papers, television programs and whatever else will further
learning. Each, while 1t 1s serving the purpose of the system, isa
part of the system. Vircualiy anything that has use in furthering a
learning objective 1s 2 legtimate potential member of the system.

The term precess serves to describe all the operations and
funcuions in which componcent parts of the sy stem are engaged to
further the purpose. In the classroom these could be reading,
discussing, working problems, viewing films, solving problems,
mnquinng, building models, cee.

In sum, then, a system is defined by its purpose. The reason
for analysing a system is to try to organize it so that all of the
components of the content and the processes involved are
wurhing together most effectively to furcher its purpose. In the
casc of the dassroom learning system, the content and processes
are many and they work together in maa, interacting ways to
serve the general purpose of facilitating learning. Without some
attempt at organization of all these components and processes, it
is very likely that the system will be working at less than its best
ctficicney. It is w provide an organizational framework that we
develop the concept of the learning system.

It is hoped that in bringing a greater degree of order to the
classroom learning system, two pronmnent advantages will accrue.
1) the wide and almost limitless range of processes and content
that potenually are avadable to furcher learning will become more
clear, and 2) decisions affecting the learning process will be based
on what will best serve the purpose of the system, i.c., furthering
learning.
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Other Components

In addition to guiding purposc, content and process, three
more aspecte of the systems model have direct relevance for
classroom nstruction. he first two are assessment of input, and
assessment of ontput. Naturally, as with everything clse in the
systenss mwdel, these two assessments are made relative to the
expressed purpose of the instruction. The assessment of input to
the system s the necessary assessment of the students’ entering
behavior - their abilities, learned concepts and skills—-before in-
struction takes place. In other words, what do they already know
that will help them learn the task at hand, and whag further do
they need to be taught in order to be able to achicve the
expressed goal? After all, it is what lies between this input and
planned output that requires teaching. As soon as we find out
Wt It is, we can plan to have it accomplished,

This pre-assessment part of the systems plan is frequently
rcferred to as pre-testing, However, since it can be carried out
numerous iays other than specifically by testing, pre-assessment
15 probuably a better word. The important point is that it should
be conducted in a systematic way so that later assessments of
outpur ctn indicate the actual (not fancied) change that has taken
place. Without assessment of input, achievement due to instruc-
ton can only be assumed, net proved.

The assessment of output from the system provides cither
thc moment supreme or the echoings of defeat, the ceacher gets

the glory and feeling of satisfaction derived from achievement or
suffers the pangs of failure. In cither case, he is becter off than
before, cither he has a good idea about teaching procedures that
lead to success and probably has some ideas about making them
even better, or he knows specifically what not to do next time.

This brings us to the sixth and last of the aspeets of the
systems model that we will consider. the concept of modification
of mstructional processes based on feedback. In the case of input
feedback (or morc correctly feed-furward to the learning system),
we've already discussed the idea that it shows us the starting
point of cach student, 2ad the ground that must be covered to get
to the goal, i.c., what is to be taught. Outpue feedback idcally
tells us how well we've achieves our goal, what we may have done
that was good, and what needs to be changed in order to more
effectively reach our goal next time,

Teaching is a complex process. The most pervasive truths are
variability and change. The input to the system—the students'
knowleuge, capability, attitudes, etc.~always contains 1 great
deal of variability, This variability and the ever-existing need for
improvement dcmand continuai modification of the system to
morc cffectively achieve goals. The complexitics of teaching can
be left unhandled and achievement can be left to serendipity, or
the teacher can plan for and promotc change in the desired
direction. Planning for and promoting change is what the systems
madel is all about.

The systems model can help in planning instruction by
indicating and organizing the faciors that must be taken into
cansideration for maximally effective instruction to take place. It
produccs a framework for us to organize and acceunt for the
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input, content, processes and output of our teaching, and helps us
keep in mind how all of these interact to further our purposcs.
The components of the systems model seen as most relevant to
classroom instructional design are purposc, proccss, content,
input, output and system modification based on feedback.

The Systems-Oriented Teacher

What specifically would a teacher, oriented toward the
systems approach, do in planning for learning that would be
different from what hix non-systems-oricnted counterpait would
do? First of all, his major concern throughout the planning and
guiding of lcarning would be with purpose-the objectives—of
instruction. He would first have to know where he was going
before he could determine the best way to get there, i.c., the best
coordination of the parts of the system to maximally facilitate
lcarning. For cxample almost any teacher would surely plan
differently for a lesson designed to teach the names of the state
capitals than he would for 2 lesson involving the teaching of the
concept “democracy.” The purpose of the lesson would deter-
mine the processes as well as the content -individuals, groups,
visuals, texts and other teaching tools- of the learning system.

The guiding purposes for instruction in any particular
subject are usually provided.for teachers in the form of syllabi, or
more often, in the form of broad goals for the unit, quarter or
year. However, the more specific day-to-day purposes are usually
not provided. Lately there has been a great ballyhoo about the
sctting of behavioral objectives. Often it appears that the idea of
setting objectives is furthered as an end in itself. To the
systems-oriented teacher objedtives are only valuable when they
are based on data he has gathered about his students and when
they are used as precisely stated purposes to guide the sclection
of the most effective learning processes and content,

The systems-oriented teacher is alo aware that the pur-
poses—abjectives—of his instruction, as clements of the system,
arc also subject to evaluation and modification based on their
uscfulness to  the individual and 1o socicty. Therefore, he
cvaluates his goals in tars of their refevance 1o life outside of the
classroom. The system within which he is operating is part of the
suprasystem called socicty, and it is this greater system that will
examine and assess his output with relevance to its needs.

A second major concern for the systems-oricnted teacher
revolves around data gathering and analysis. These data arc used
for design modification of the system. He gathers data about his
students, about the subject maticr to be taught, and about the
processes available to him to tcach the subject matter, The first
aspeet—the assessment of his students—can be accomplished by
pre-testing, by systematic investigation of prior test scores, by
discussing with previous teachers what has been learned to this
point, and by asking the students theraselves. The key element is
that the gathering be done systematically and accurately, for this
information will become the basis for decisions regarding pro-
cesses, content and even objectives, After this initial assessment,
the objectives can be established er modificd.

Another form of data gathering refers to the content and
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processes of the system. Dunng the imtial stages of planning, all
sources that may lead to possible help in teaching are consulted
and every idea 15 noted without harsh evaluation, Later, in a
closer look, the many alternatives can be evaluated in terms of
their hhely contribution to furthering the purposes of the system,
They can then be included as part of the system or rejected.
Again, the decision is made with reference to the purposes of the
instruction,

The last two parts of data gathering are most prominently
used to evaluate and modify the system. Ongomg data gathering
and feedback are essential for maintaining the effiaency of the
system. In order that it remain maximally effective, the system
must remain able to react to the variability of its content by
providing flexibility in its processes. In more practical terms,
feedback from students is necessary to evaulate how well the
instruction s progressing, and to change it to make it better.
Notice that the feedback is considered as a sovree of infurmaton
for the furthering of objectives of the system, not as a means of
checking on the value of the student, In addition, this feedback is

“uscd 1o keep students aware of their progress in relation to the
objectives. They 100, as components of the system, require
feedback.

Output data gathering for feedback is also cssential to the
assessment  of the effectiveness of the system and to the
modification of the system to maintain its viabality, Thus, for the
systems-oriented teacher, pust-testing s an important part of the
instructional process. Again, the cmphasis is on testing for
diagnosis of strengths and weaknesses of the system as they arc
related to changes in the students, not on evaluating the worth of
the students. It has been often shown that given appropriate
instruction and sufficient time, most students can achieve the
feve! of objectives that arc normally expeeted in our public
schools. Quiput evaluation, then, is to consider how well the
system achieved its purposes, and what changes need to be made
to improve its success. In a broad sense, this post-testing feedback
tells the teacher what changes need to be made in the system to
better achieve its purposcs. It provides the teacher with proof
positive of achicvement induced by his efforts.

Summary

The systems-oriented teacher (1) thoroughly assesses the
input to his system, (2) explicates his specific purposes unambigu-
ously based on the input feedback, on constraints on his system,
and on the needs of the students and the suprasystem, (3) gathers
as much data as possible about his subject matter and alternative
processes for achieving his purposcs, (4) makes decisions concern-
ing processes and content based on the best means of furthering
the purposes, (5) activates the system by putting the plan into
action, (6) gathers ongoing fredback data systematically and
accurately, (7) modifies the system’s content and processes based
on the feedback, (8) assesses the effectiveness of the system by
comparing the output product to the purposes of the system and
to the input product, and (9) modifies the system based on all lns
sources of feedback before it is again activated.
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The Behaviorally Enginecered Classroom:
A Learner-Sensitive Environment
Lanny E. Morreau
Program Coordinator of Instructional Design

Upper Midwest Reglional Educational Laboratory

A Systems Approach

A child is an inseparable part of a social system, i.e., an ecological
unit, composed of the child, his family, his neighborhood, his schuol, and

his commundty {(Hokks, 1366). Juzt as a child afficts the s

<
O
Yoo
£
je3
2l

co-3ysten,
each component of this system affects the hehavior of the child.

Aside from the home, the system component with the highest probable
impact on the child is the school. Therefore, the effects of each variable
in the school z2nvironment should be assessed and modified to provide an ideal
learning environment. Emphasis should be placed orn the modification of
the school envirunment rather than the home because the schuol has a man-
dated responsibility for effective instruction, it is easier to change, and

it can be structured to allow continuous monitoring of the effucts of these

changes.

Behavioral Management Strategies

When designing and developing the school component of the child's
ecosystem, the educator must be familiar with, but cautious in accupting,
theoretical, philosophical approaches. A set of empirically derived and

From Moeau 4 € 3Pinney, R H and Datey, M F , INSTRUCTIONAL MANAGEMENT, 1970, Upper
Midwest Regionai Educationas Laboratory, Minneapots, Minnesota puisuany io U S Office of Education
Contract 3 7 062870 3069. Department of Health, Fducation, and Welfare
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{requently demonstrated principles can serve as the basis for the design

of a functjonal, educational system leading to éesired changes in student
behavior. Sush an instructional environment, based upon the pranciples
frequantly categorized under the rubric "behavior todification,” would pro-
vide a high density of reinforcement contingent upon specific student
responses.

Although the effectiveness of behavior modification strateqies is
well docurmented, therc are several alternative procedures from which to
select in establishing an instructional environment. For example, token
syatems have frequently been established because tokens: (1) can often
be delivered more immediately and more conveniently than direct reinforcers.,
(2) can be ecasily stored, (3) allow for the utilization of reinforcing
activities which cannot be made available in the classroom setting, (4) can
be employed in a large variety of situations other than the classroom,

(5) can be used to manage thie behavior of numerous individuals simultancously.

But, as observed by Skinner (1968), the critical task in most teaching
situations is not the incorporation of new reinforcers but the effective
utilization of thcse currently available. cCapitalizing on the ongoing
behavior of students, the Premack frameworh of reinforcement offers a viable
reinfor ~~muat system without using tokens. Premack noted that *...for any
pair of responses, the more probable one will rcinforce the less probable
orve (1945, p. 132)." This relaticnshin has direct implications for instruc—
tion: Any behavior, at the point in time that it is of higher probabilily,
can by ued to reinforce any lower probability behavior. A teacher can
raral  an instru tional enviruntent so that student access to high proba-
bility actavities (reinforcing events) are contingent on the completion

of 1ow peobobility attivitics (ta-h behaviors). Through the managemant of
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these contingencies, the teacher cun increwse the frequency of selected
task behaviors.

Homme, DeBaca, Devine, Stelnhorst, and Richert (1963) demonstrated the
effectiveness of this technique by twaching a laxge seqment of the first-
gradu ripertoire to a group of preschool children in one month. Equally
sigificant was the change from a condition of bedlam which cxi;ted in the
classroom to a situation highly conducive to learning. Yurther indications
of the (ffectiveness of contingency management techniques were found in the
teaching of Enylish literacy to Indian children (Homme, 1965) and in the
teaching of arithmetic and reading to mentally retarded children (Daley,

Holti and Vajanasoontorn, 19661.

It has also been established tanct low probabiliiy behaviors can, through
repeated pairings with reinforcers (high probability behaviors), become
reinforcing in themselves (Daley and Holt, 1969). This data provides a
direction for attaining one of the ultimate aims of the ideal educational
system: To offer as great a quantity and quality of reinforuement as possible
while systematically increasing the frequency of low probability behaviors
associated with academic tasks until the behaviors associated with the tasks
assume the properties of reinforcing cvents. This synopsis, in fact, describes
the one continuous, operational objective of the brhaviorally engineered

classroom (Homme, Csanyi, Conzales, and Rechs, 1969; Morreau and Daley, 1272).

Classroom Design

The behaviorally «nginecred classvoom is structurally defined by three

major areas: The task area, the progress check arca, and the RE area.

The Task Arca

Since the primary goal in the classroom is to increase the frequency

L /“;lﬂs
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and, W acwuracy of the students' academic responses, the largest portion

of the (la.sroom is designed for academic-task related activities. In the

tash arca, students receive materials selected to assist them in working

toward thair individual objectives. The size and difficulty of the task

are based on the student's entry-level (cxisting) skill in each specific

ar=a. 7The tecacher moves from student tu student providing verbal reinforce-

meut for specific behaviors and assistance where needed. The effectiveness

of su.li teacher interaction in reducing disruptive behavior while reinforcing

academic responses has been clearly demonstrated (Hall, Lund, and Jackson,

1968). The task arca also provides a situation in which the teacher can

monitor and record student behavior

which ultimately provides part of the

data for decision-making related to individual students.

The Progress Check Area

If students are reinforced for simply completing tasks without evalua-

tion of their responses, inac.urate responding may increase in fregquency.
The progress check arca allows for the prompt, systematic evaluation of
student tasks So both the teacher and the students know if the criteria
specified for a given task have beeu met. The student, an aide, or a
c¢lasstuom assistent can record the data relevant to task performance, thereby

roviding the core information required for decisions related to future
P

tasks and contingencies.

The keinforcing Event Area

In the rcinforoing event arva, students engage in activities of their

vhol.e.  Students can create activities or select them from pictures of

available activities, a reinforcing event menu (Fig. l). The tendency

tu woupczilively engage in group actlivities indicates that this indirectly-

auptrve~od area provides a setting facilitative to the meeting of social

RIC
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objectives.

Classrvom Seguence

tudents proceed through the following sequence of events in the
classroom: The student completes a task unit, a series of small behavioral
steps which approximatc Jesired terminal performance, and proceeds to the
aid2 for evaluation. £ the stundznt performs successfully, i.e., at the
prespecified criterion level, he selects from activities pictured oa the
RE mea. and proceeds to the RE area to engage in the activity of his choice
for five to ten minutes. If the task performance does not meet the specified

criterion level, the studant roturns to his desk

[A]

where errors were made, returns for a re-evaluation, and then proceeds to the

RE area (Fig. 2).
oD | ma
POINT
D 1ASK AREA D
o O

&= <F

RE AREA

Figure 2. Corponents of the composite classroom.

The formax agreement between the teacher and the student as to the
quantity or quality of task-related material which will be completed and the
positive consequenccs which will be engaged in contingent upon its com-
pletion is referred to as a contract. The arrangement of liberal and fair
contracts based on individual needs, the clearly del:incated expectations

implicit in their Jdevelopment, and the subsequence adherence to the con-
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tracts by the teacher, provide ideal circumstances for the development

of trust.

Environmental Characteristics

It is frequently easier to structure the physical c¢nvironment than
it is to modify behavior through the management of contingencies. For
a disruptive student, the teacher might first develop a pro.ctnetic environ-
ment and ygradually alt.cr it to approximate the task area. For exarple, a
student could complete his task units in a study booth which could be
systematically reduced in height as disruptive behaviors decreased in
frequency. - c - ot - T

Ideally, emphasis is placed on decreasing the frequency of problem
behavior by systematically increasiny the density of reinforcement for
task-related behaviors--a nonpunitive procedure. Punishment often elicits
negative responses which can become chronic. The student may: (1) Attempt
to escape from the punishment, e.g., withdraw, (2) attack the deliverer of
punishment, (3) attack his peers, (4} attempt to destroy the environment.

The nearest approximation to punishment contingencies used in the
behaviorally enganeered classroom is time-out, i.e., time away from the
opportunity to engage in activities leading to rcinforcing events. Time-
out should be short. Further, a response incompatible to the one for which
time-out 1s presented should be strengthened through systematic reinforce-
ment. The student should receive an explanation of why he is being removed
and shuuld be told that he will again be able to engage in reinforcing
activities.

Inutructional strategies must also be developed which are consistent
with the environment. The developmental strategy would be similar to the

seven-step sequence described by Bijou (1968):

Q ’ 241
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1. State the desired terminal behavior in objective terms,
2. Assess the student's behavioral repertoire relevent to the task.

3. Arrange stimulus material and the behavioral criteria for rein-
forcement in a sequence for presentation.

4. Start the student on the unit in the sequence at which he can
respond correctly 90% of the time or better.

5. Manage the contingencies of rcinforcement to strengthen successive
approximations of the terminal behavior.

6. Build conditioned reinforcexs that are intrinsic to the task
learned.

7. Keep records of the student's progress and modify the program
accordingly.

To develop instructional strategies of this type one must first state
the objectives for instrudtion. These objdctives can be stated clearly
and distinctly through the use of a simplificd unit guide (Morreau, 1970).
The precision necessary for the evaluation of instructional outcomes is
provided by the behaviorally objectives which specafy: (1) The lecarner
as differentiated from a class or group of learners, (2) an obsexvable,
measurable response which the lecarnmer will emit or a product of the response,
(3) the stimulus conditions under which the response will occur, (4) the
frequency, duration, or quality of the performance (the criterion level)
which will be considered successful.

Each of the four parts of the objective provides specific information:

"When presented with a random list of 10 words...

The Concition: The student could be faced with a disaster if all his
activities were directed towara a written response to printed material
and the teacher measured his proyress with an oral check. The conditions
indicate the procedures to be uscd in evaluation and guide the t :acher

in sele.ting materials. If mastery of a given skill is t> be deronstrated

A e
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by oral responding, the tea.her would recurd this in the objective and then

solect activitieg to direct the student toward oral behavior.

.o the learner...

The Learncr: “The learner," as .ontrasted to a class or group of learners,
focuses attention on the {ndividual student. It cannot be assumed that
a "class” is a homogeneuus group of individuals who are progressing at

an ¢qual pace and who can all benefit from the same materials,

oo WILT waite.,.

The Action: Behavioral objectives specify what the student can do, not

what he "knows." Because the actlon is observable and measurable, teachers
can precisely (objectively) evaluate the cffects of materials in assisting
the stulunt in masteriny the objective. The student's measured pexformance

also serves as a guide for advancing him in a sequence of objectives.

oo .3 rhyming words for cach word with 100% accuracy.”

The Hwasure or Crat ria. Stating the precise quantity or quality of responses

which indicate mastery of a given skill assures that each student is ad-
vanntd to more difficult materials only after he has the skills necessary
for dealuny with them. Tea.hers are also able to report a student's progress
more frecisely. He doesn't just "know more;" he can "do" a specific task
at a spezified level of aceuracy.

Qugesrives should be directed toward actual, life functioning. In

other word., the temminal blliavior in a given area should occur in a "real-

., BEST COPY AVAILABL:
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stimulus condition rather than in @ classroom situation. The stu-

dent shuuld learn to respond in the presence ot a variety of stimuli anc

to generalize a given response to "real-world" sltuatichas. Both the objec-

tives and the curriculum should reflect the need for group activities to

meet specific social objectives.

Contracts should be prepared for all curriculum areas such that the

stuaunt

both in

can engage in reinforcing activitles for successful task cumpletion

and outside the classroom, e.g., physical education, art, and a

variety of cu.riculum materials should be made available by which any given

objective can be met.

Assessment of the student's present level of performance can be accom-

plished

through the use of cutriculum embedded tests or other measures which

are consistent with the objectives to be used.

Selecting Objectives and Materials

The sequential arrangement and the storage of objectives, i.e., an

objectives bank, would assure that:

1.

2.

An

Students would be placed precisely within a given sequence of
objectives.

Prercquisite skills for meeting terminal objectives would not
be omitted.

The pupil would be direccted toward increasingly complex discrimina-
tions.

The reguired generalizations would occar.

effective banking system for objectives would meet four specific

criteria:

1.

2.

ERIC

Aruitoxt provided by Eic:

All objectives would be sequentially arranged.

All objectives would be cumplete (includiny student-action-rweasure/
criteria-condition).

Each objective would contain instructions for teacher use of the
objective itself.

Specific units of curriculum material would be tied to cach objuctive.
I~ ll‘ q
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Follosing individualized placemunt within the fnstructional seguence,
the stulent would rewelve taoh units cumposed of pruyrammed, instructional
materials designed to meet a specifiu Objective. Such programmed materials
offer sevaral advantages:

1. Each student can proceed at his own rate.

2. The materials allow for self-instruction.

3. Each student can use different materials.

4. Teachars .an spend more time with individuals in that students
are functioning independently.

5. Teachers need not make all subject-arca presentations.
€. The materials arc designed tu systematically guide student responding.

7. The materials maintain high levels of motivation via reinforcement
and feedback.

8. Students can corplete units in less time.

Teacherxr Deciusion-Making

To design an environment responsive to the specific needs of indi-
vidual students, the teacher must collect and analyze data on a systematic
basis. Although it might appear that all decisions are dictated by the
environment, the environment provides only a structure-- the teacher
is a (ru.ial part of the classroom, and student progress will be largely
determaned by the effectivenass of tie on-going, decision-making process.

The objectives, the raterials, and the classroom are structured to
av-wrmedate indivadual differences. Since these d.fferences may be great,
the teacler cannot rely on grouy information but nceds continuous informa-
tion un zavh student's performance to successfully assist students on an
1ndividaial basis, Four busic areas of teacher decision-making can affect

iadividual progreas:

A N
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Dlagno,ing the SLill/Knowledge [ovel

Ea.h stulent's jos.1tion on u coutinuum of belavioral objectives is located
by re ‘s of an objective<baied placement examination. It is possible

(and highly probable) that the initial placcrent for some students will

be lncorrect. Decisions: Is the diaguosis correct? Should a given student

be advanced or otherwise relocated {n the objectives sequence?

Evaluating Materials and Activities

If materials and activities are to help students meet their objectaves,

they must be selected in terms of a specific objective to be met. The
materials may appear to be relevant to a given objective, but the only real
critexion for tiheir use 1s the degree to whicn they will improve the terminal
performance by the student. Decisions: Are the materials and activities
adequate for meeting specific behavioral objectives? Should they be modi-

fied or replaced?

Prescribing to Correct a skill/Knowledge Deficiency

After the teacher has diagnosed cach student's skill/knowledge level, he
prepares a prescription, a unit of task material that is neither too large
nor too difficult for the individual studcat. Decisions: Is the task too
large or too difficult for the student? _hould the task size be reduced?
Should the student first usc other less difficult materials? rhese decisions

can be facilitated by assigning a small tusk to cach student and monitoring

his performance on the task.

M

Selecting and Evaluating Reinforcing Events

Students will select their favorite activities from those offered in the
RE area. But, it can never be assured that, at any given timz, a rcinforcer
is avallat le for each child. Further, the same item uscd as a reinforcing

activity for one student may simultancously Lt requested by several other
A e
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students. Decisions: Is a reinforuing activity available for each chila?
should more than one of a given item be present in the RE area?

Since the opportunity to engage in a reinforcing event increases or
maintains student behavior, reiufor.iny activities must be assessed frequently
in terms of their effeut on studunt performance. Given continuous perfor-
mance data on each student, fur example, the teacher can decide to add
items to the RE area based on the frejuency of selection by the students.

To make these decisions, the teacher must record the following infor-
mation: How many errors does a student make on each task? How much time
does it take for the student to complete each task? How many reinforcing
events are received by each student? which reinforcing events are selected
by the students” How many students are making a large number of errors on
a given unit of material?

Recording and analyzing data allows for effective decision-making
by both the teacher and the student. Students can learn the procedures
necessary for independent decision-making and self-management of both task

and reinforcement selection--certainly a "real-life" situation.

Meeting Learner Needs

The following comparison of the behaviorally engineered classroom
with several criteria iduntified as significant in Project REED (Hobbs,
1266), illustrates the sensitivity of the classroom to learner needs:

1. Life is to be lived now. The classroom is designed to increase
the probabxlxty of immediate success through the clear specification
of objectives for each student and through the use of successive
approximations toward a terminal behavior.

2. Twme is an ally. Because the classroom is sensitive to individual
FifL erenceg, » children functioning at varying levels and having a

variety of prohlem behaviors can be accommodated in the same environ-
ment.

O
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3. frust is essential. The classroom provides for the meeting of
contracts by both the adult and the student. What better opportunity
for the development of trust?

4. The c¢hild must develon competence. Each academic task is designed
for a specific student: The task size and the placement in the
materials is individualized. The child develops competence while
receiving multiple reinforcers for task completion. Further,
reinforcing events are related to the real world. Contingencies
are very much like those arranged for competent performance in the
adult world.

5. Problem behaviors can and should be controlled. Through the re-
inforcement of task-related responses, there is a high probability
that incompatable problem behaviors will decrease in frequency.

6. Cognitive control can be tauyht. 1In this classroom, students
rapidly learn discriminative stimuli for specific behavior through
the differential reinforcement of behavior.

7. Feelings should be nurtured. Students have an opportunity to
express anger and hostility in a non-punitive environment. While
the environment does not provide positive reinforcement for dis-
ruptive behavior, it is not consequated with punishment.

8. The group is important. The RE area, where students join in
group activities under reinforcing conditions, provides a func-
tional model for learning group importance. Specific objectives
are also prepared and implemented for instructing students on
the importance of the group.

9. Communities are important. Through the interaction of the student
with his teacher, his family, and his "peer" community, he leaxns
to emit specific terminal behaviors which carry over to his neigh-
.borhood, his town, or his city. He is given an opportunity to
behave in a manner consistent with the signaficant social behavioxr
of his community while being reinforced fo: thrt behavior.

10. A child should know joy. Joy could be defined as having personal
control over access to a large amount of pusitive reinforcement,
experiencing success on a frequent basis in many areas, interacting
socially in a "free" setting, and receiving few aversive conse-
quences.

These tenents define the parameters of a learner-sensitive environ-

ment; so, too, do they describe the behaviorally engineered environment.

o
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